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Traceability of lifecycle funding is premised on a formal approach that mathematically 
models the use of money to fund tasks, meet schedules, and produce expected results in 
terms of functionality, performances, and quality.  An approach based on principles of 
systems engineering results in a standardized set of measures of effectiveness. An 
operative theory for traceability is derived from the general theory of systems integration 
from which ten propositions. These propositions derive from a set of definitions and 
axioms.  This research affirms there is a proper insight into the concept of effectiveness 
that rests firmly on an appropriate, repeatable method. Measures of effectiveness are 
standardized when viewed within the proper formulation of an evaluative framework 
based on physical objects mapped to processes. 
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I. INTRODUCTION  
A. BACKGROUND 
 
Under a $75,000, 21-month research project funded by OPNAV N1 under the 
auspices of the Naval Postgraduate School (NPS) Naval Research Program, NPS developed 
measures of effectiveness (MOEs) to further the work of OPNAV N91 (Office of the Chief 
of Naval Operations - Warfare Systems) for integrating alternatives to improve disposition 
and use of funds in carrying out their responsibilities related to sustainment of warfare 
systems over their lifecycle (Program Objective Memorandum (POM/SPP through 
transition and execution). This research formulated a standardized, systematic means for 
measuring effectiveness of funds throughout the funding lifecycle. Findings can be used to 
leverage existing methodologies to lay out the foundation for a standardized framework for 
MOEs that reflects the various stakeholder perspectives, provides the requisite structure, 
tools, and techniques to determine the level of assurance that objectives will be met. It is 
assumed that the integration of a MOE-based strategy with necessary traceability and 
transparency provides better assurance than without standardized MOEs for satisfying 
requirements through full systems and system of systems integration.  
 
B. STATEMENT OF PROBLEM 
 
Effective governance necessitates adequate transparency (visibility) and traceability 
(feedback) of funds for goods and services through planning, budgeting, acquisition, 
operations, and disposal. However, visibility into what specific funding has been used for 
and what requirements are intended to be satisfied are sometimes lacking. Without adequate 
transparency and traceability of funds and their uses, policy makers and planners cannot 
readily know that work on requirements is progressing as scheduled.  
Potentially, cost-drivers are not identified early enough to avoid costly overruns and 
schedule delays. Cost drivers include direct workforce labor costs; allocation of indirect 
costs; delays due to technology integration; rate of production, including apportionment of 
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variable costs; rate of successful milestone events; capacity utilization; work force labor 
efficiencies; and overhead, burden rates, and pass through fees (or service fees to facilitate 
the transfer of funds from one organization to another). The problem is that without proper 
and timely reporting of the effectiveness of funds, increased risk and uncertainties underlie 
the Funding Decision Lifecycle Models (FDLM) that are used for subsequent planning and 
funding. Transparency into the funding transactions, use of funds, and results of uses of 
funds is essential to providing sufficient traceability to sustain an effective decision lifecycle 
model. The Ill-effects of inadequate transparency and poor traceability include creating a 
gap in fulfilling operational requirements; misspending money, time, and resources; 
miscommunicating effectiveness of funds spent on work tasks; and spending that was 
unauthorized. 
When distributing funds, managers and decision-makers, whose role it is to maintain 
oversight of their funding of authorized work, are to a large extent dependent on a high 
degree of trust in their subordinates to carry out the required accountability processes for 
periodic reporting on the allocation and use of funds. Without this trust, there would be too 
much risk in assuring that subordinates and the recipients of funding to perform work as 
planned, deliver as expected, and carry out oversight as is necessary in an environment of 
stewardship and public trust.  However, the required elements of trust through policy, 
training of personnel, and procedural checks are sometimes insufficient for maintaining 
necessary transparency and traceability of processes, outcomes, and consequences.  
 
C. PURPOSE AND GOAL OF THIS RESEARCH 
 
It is the purpose of this research to develop the measures and processes that reflect 
the requirements for effective transparency and traceability of funds. In essence, a set of 
standardized Measures of Effectiveness (MOEs) are posed as a solution for improving the 
fidelity of the FDLM for movement and transactions of funds through transparency, 
traceability, analyses, and verification for use of funds. These MOEs shall incorporate the 
perspectives of stakeholders, as mediated by good Navy governance principles, throughout 
the lifecycle of funds. The goal is to provide managers and decision makers and their 
subordinates with a means of improving the fidelity of the FDLM for funds. 
Page 3 of 125 
 
 3 
    
D. APPROACH TO STANDARDIZE MEASURES OF EFFECTIVENESS AND MEASURES OF 
PERFORMANCE 
 
While it is often suggested there currently exists no standardized approach to 
developing a set of MOEs and MOPs, this research affirms that indeed there is a proper 
approach – an integrative approach – to determining measures of effectiveness (MOEs) and 
measures of performance (MOPs) which results in a standardized set. Standardization is 
achieved by developing a formal logic based on a definitionals for objects and processes 
(Leśniewski 1984, 1988). Moreover, MOEs and MOPs follow naturally from this approach.  
The approach is twofold: first, to discuss the results of inquiry into measures of 
effectiveness at the fundamental level; and second, to show the significance of formulating a 
set of measures of effectiveness that can be applied consistently across all aspects of 
physical security and deterrence. 
Within the logic of objects and processes (Leśniewski 1984; Boyd 1999; Goodman 
1978; Dori 2002; Radder 2006; Hacking 2007; Osorlo, Dori, and Sussman 2011) two frames 
of dimensions are constructed (Langford 2012). The frame for objects has three dimensions 
– physical objects, interactions of physical objects, and behavioral consequences of objects 
or lack of objects i.e., all related to the physical or intellectual objects. The frame for 
processes has three dimensions – cognitive activity, mechanisms (as processes), and 
modeling (i.e., the process of modeling that combines cognitive activities and mechanisms). 
The object frame and the process frame are ontologically orthogonal, i.e., formally 
independent as shown through predicate calculus (Leśniewski 1988). Langford (2012, 2013) 
interpreted Leśniewski’s formal relationships between objects and processes by formulating 
a framework that integrated the three dimensions of process along the abscissa axis with that 
of the three dimensions of objects along the ordinate axis. Therefore, the three dimensions 
of objects map to each of the three dimensions of processes, and vice versa. The intersecting 
frames of object dimensions and process dimensions forms an “integrative framework” that 
captures the totality of all objects and processes involved in the topic for which the 
framework was constructed. In particular, the integrative framework (Figure 1) discussed in 
this research report is comprised of the particular physical objects, functions, and 
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stakeholder behaviors involved in the funds decision lifecycle model as mapped to the 
corresponding stakeholder’s cognitive thinking, procedures and activities, and modeling for 
all processes planned, executed, and intended. All stakeholders, funding transactions, and 
consequences of decisions are incorporated into the integrative framework and consequently 
all MOEs and MOPs are expressed. The mapping of stakeholder processes with the physical 
objects establishes the foundation of how MOEs and MOPs are constructed and used for 
transparency and traceability. 
 
Figure 1. Integrative Framework of Objects and Processes 
 
The credibility and utility of MOEs and MOPs are often based on measurements 
which relate to adequacy, functional performance, quality, lifecycle process effectiveness, 
resource utilization, and progress (Carver, et al. 1998). The approach used in this research 
relates the measures by which we gauge management and execution of work to the 
measurements that illuminate the specifics necessary to plan, control, and forecast budgets 
and schedules to satisfy Navy requirements. In general, the process of measuring is a 
mechanism for assigning numbers to phenomena according to rules.  
Mechanisms explain (Illari and Williamson 2011). Mechanisms explain properties, 
traits, and attributes of physical objects; possible uses of physical objects; and stakeholder 




















(Langford 2012, p. 88) 
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that stakeholders produce changes that can be observed and incorporated into MOEs and 
MOPs. Specifically, the interest is in mechanisms with regards to transparency and 
traceability.  
At the core of the integrative approach used in this research is the application of the 
formal logic of objects and processes based on Stanislaw Leśniewski’s mereology 
(Leśniewski 1984). Through the object-process structures of dimensions in the integrative 
framework two types of MOEs result – one type based on processes, the other type based on 
functions. Further, the dimensionality of function (in the object frame) intersects with the 
three dimensionalities of the process frame to form two types of MOPs – one based on 





Two key considerations for good governance are premised in this research – system 
affordability (the balance of system effectiveness and the associated cost (Marvis and 
DeLaurentis 1998) and system worth (the balance of system functionality and the losses 
incurred to achieve functional performances) (Langford 2012). Decision makers, managers, 
subordinates (i.e., stakeholders) are expected to be ethical and objective when executing 
their roles and responsibilities when using Federal funds so as not to commit fraud, carry out 
actions that result in waste, or abuse their positions as stewards of public trust. Working to 
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II. FOUNDATIONS OF TRACEABILITY  
A. TRACEABILITY 
 
The fundamental definition of traceability is that traceability is a property of a 
measurement (NIST 2016; Norman 2016). A property is something (Reinach 1983) that 
cannot be apportioned or divided up and shared with another ontological object (Sowa 
2000), but rather something that is distinguishable from any other object and can be 
reasonably attributed to a classification or a quantity (Choi 2012). 
In the context of this research, traceability of funds is a property of a measurement 
associated with control of functions and processes. of “to control”. This specific definition is 
consistent with the language and implications of the mereology of objects and processes, 
and more specifically, with the tenets of the General Theory of Integration (Langford 2013). 
Accordingly, the ability to trace (funds) is termed the quality of being able to perform – a 
quality that facilitates or permits. Using the general definition of quality (Taguchi 1983), 
such a quality represents the total loss to society. Therefore, traceability implies ability 
provides the ability to identify the past history, present use, and planned intentions of 
material wealth. This identification occurs through the process of mapping the funds 
expended to satisfy the U.S. Navy requirements to the financial transactions that transform 
money into labor, products, and services. Further, it is the function of traceability to identify 
all of the interactions between stakeholders that account for funds as they are used, hived-
away, or transferred. It is the effectiveness of the use of funds through their processes and 
functions that is to concern. The greater the effectiveness in achieving the requirements, the 
least amount of money that is used to accomplish the satisfaction of requirements  
Traceability can be (1) used to monitor money transactions and results, e.g., 
products, services, communications, and reports; (2) related to compliance with a 
performance standard or to verify that a requirement has been satisfied; and (3) utilized to 
analyze and evaluate information from a documented, unbroken chain of events – each of 
which contribute to the measurement uncertainty and the validation of the effectiveness of 
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use of funds.  In essence, the function of traceability to determine the measures and levels of 
performance(s) that should apply to the need for traceability are indicated below.  
Traceability provides a mechanism to  
• comply with government policy, laws, and manners of procurement 
• reduce illegal uses of public funds 
• support an analysis which determines the impact of funds  
• facilitate coordination between stakeholders 
• verify use of funds to fulfill requirements 
• provide a method of process control for using funds 
• trigger alerts for non-compliance 
• provide a check to reduce recording errors 
• improve overall effectiveness of procurement processes 
• increase transparency into use of funds 
• promote organizational integrity 
Traceability refers to the process of tracking money through an unbroken chain of 
custody and transactions that account for movement, storage, conversion of requirements 
into goods or services, remnants of funds, association with finished goods or deliverables, 
and return of funds.  
Since traceability is a property of measurement, and measurements made during the 
process of traceability are subject to error, a necessary condition for transparency involves 
comparing the data derived from the process of traceability to a standard or scale. According 
to Tim Ferris (Ferris 2004), “measurement is an empirical process, using an instrument, 
affecting a rigorous and objective mapping of an observable into a category in a model of 
the observable that meaningfully distinguishes the manifestation from other possible and 
distinguishable manifestations.” That we concern most deeply about the validity of 
measurement and measurement quality testifies to the efficacy of traceability in a rigorous 
and trusted sense. Validity bears on whether a measuring instrument measures what it is 
supposed to measure. Operationalizing traceability requires that its processes be efficacious 
and that its validity be accepted by all stakeholders.  
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The quality of measurement is determined by the validity structures, including: 
calibration to a standard, error in implementation of the traceability process, repeatability of 
the traceability process, and mapping of meaningful manifestations from measurement data 
into information about the use of funds.  
The consistency in variation of data relative to a standard over a period of time or 
across a variety of tasks presents an opportunity to detect patterns of compliance and non-
compliance against a standard. Through traceability, compliance or non-compliance is 
measured to improve the effective use of funds for the U.S. Navy.  
a. Calibration 
Calibration to a traceable standard determines bias, precision, and accuracy. These 
three attributes of measurement are used to determine the degree of compliance in the use of 
funds with policy, regulations, and law. Comparing the quantifications of data in terms of 
their bias, precision, and accuracy to an idealized model of use of funds (the Standard) 
reveals the nature of stakeholder actions for, uses, transactions, conversions, and returns of 
funds in the acquisition and procurement processes for a given period.  
Calibration methods consist of two parts – the formalization of similarity and the 
interpretation of distinguishability.  Similarity is the clustering of data relative to a Standard 
and distinguishability is the scalar mapping of differences between a standard and data. The 
data is represented as variables of time, performance, dollars, and losses to achieve 
performance.   
(1)  Bias  
Bias is partiality that prevents objective consideration of an issue or preference 
without regard for governing circumstances, i.e., policy, laws, rules, ethics, and social 
mores. Bias is expressed through actions detectable by traceability processes and is 
measured by the quantitative objectification that describes the difference between the 
averages of measurements over time made with traceability data. While, estimating bias is 
difficult when based on a model (Schmeiser 2001), bias is determinable when comparing the 
statistics that reflect the uses of money with that of a Standard. Bias is difficult to determine 
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based on a small sampling of data, since patterns of behavior span a multitude of tasks over 
time.  
(2)  Precision 
Precision is generally described to mean the degree to which a measurement result is 
reproduced given the same set of circumstances. Lack of precision is caused by random or 
accidental errors (Schmeiser 2001). From a statistical point-of-view, the implication is that 
increased reliability in reproducing results implies better precision (Hopkins 2000). 
Precision is then viewed in terms of expected mean and standard deviation from repeated 
measurements of an individual, department, or organization. For traceability, however, an 
interpretation of precision relative to a standard as random variation, systematic change in 
the mean, and retest correlation referencing a statistical distribution that mimics historical 
activity, masks the underlying mechanisms enacted by management and execution processes 
that may need to adapt or be agile to changing circumstances. Dynamically stable 
organizations may not act according to historical norms in all circumstances.  
Instead of insisting on anomaly resolution of deviant behavior relative to an 
historical statistical norm (which requires cumbersome bureaucracy and additional expense) 
, this research poses a definition of precision for traceability which captures the functionalist 
view of mechanisms and action, i.e., the causalities from combining people and processes to 
provide products and services (Langford 2012). Precision of the traceability process is 
determined by the minimum number of transactions that are indistinguishable with regards 
to a single or multiple outcomes; the minimum amount of money that is indistinguishable 
with regards to a single or multiple outcomes; and the minimum amount of information that 
is indistinguishable with regards to a single or multiple outcomes. As an example for 
performance (i.e., transactions), the precision is the number of transactions that are 
merged/combined to result in either a single outcome or multiple outcomes – and therefore 
the transactions that have multiple outcomes cannot be traced in the fashion of a 
distinguishably one-to-one relationship. The relationship between transactions and outcomes 
can be one-to-many or many-to-one. A lack of precision means a large number of 
transactions result in a single product and the traceability of any one transaction specified 
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for something that is tangibly identifiable, such as a part of a machine, is lost. Moreover, a 
lack of precision means that one transaction results in a single or multiple products and the 
traceability of any portion of the transaction specific to something that is tangibly 
identifiable, such as a part of a machine, is subsumed in the totality of the product and is 
lost. The utility of a functional definition of precision based on behavioral mechanisms ties 
the duality of process to the causality of results. As such, there is no need for anomaly 
resolution for suspected deviant behavior. Instead, either the nature of acquisition and 
procurement needs to be specified in a manner more appropriate to traceability with 
sufficient precision or there must be organizational acceptance of a minimum level of 
expenditures that have unknown traceability to budgets.  
Every measurement has error. The lack of precision results in error. And, high 
precision also results in error. As the precision increases, the sensitivity to fluctuations 
increases (Schiller 2011). As performance, money, and information approach zero activity 
or quantity (meaning few transactions, small amounts of money, and little information), the 
distinguishability of these items is lost and therefore the use of these items is uncorrelated 
with products and services. The practical limit of precision (high or low) for traceability is 
the smallest unit that is indistinguishable in terms of an output.  
(3)  Accuracy 
Accuracy refers to the agreement between a measurement, or observed 
manifestation, and the real manifestation (Sydenham 1976; Hoffmann 1983); and the notion 
there is a correct value of the manifestation that can be obtained, and further, that the correct 
value can be measured (Ferris 2004).  
For lifecycle transparency the classic definition of accuracy is expanded to include 
that a best case model can also be used to represent the correct value. Measures of accuracy 
include representing the appropriate information provenance and pedigree and the latency of 
information. Measures of accuracy may incorporate errors. These errors lower the accuracy. 
Lack of accuracy (i.e., inaccuracy) is due to errors that are ordered and planned, but 
typically invisible. Often, these systematic errors can be estimated, to varying degree of 
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sophistication. Therefore, measures of accuracy are generally insufficient to account for 
surprise events and failures of traceability.  
Inaccuracy includes the effects of bias, noise, and measurement. Mechanisms for 
bias include the behavioral preferences that deviate from policy, laws, rules, ethics, and 
social mores. The mechanisms for noise, described by Taguchi (Taguchi 1988) and 
incorporated into the DOD Guide for Achieving Reliability, Availability, and 
Maintainability (DOD Guide 2005) reveal influences of environment and uncontrollable 
factors that cause problems. For traceability, noise is the effect of local policy and rules that 
are inconsistent with mandates of Big Navy (top-level organizational behavior); and local 
customs and social mores that govern geographically, e.g., in foreign countries. Noise 
sometimes results from legacy operations that have not kept up with changes in policy and 
laws. Inaccuracies due to noise result in economic losses that simply must be tolerated as a 
cost of operations.   
As with precision, a lack of accuracy results in errors. For traceability, errors are 
associated with the model that is to be used as the standard for observing discrepancies with 
data. The robustness of the model is premised on a systematic reporting of all data that is 
essential to achieve the minimum economic loss. The intent of applying accuracy criteria is 
not to measure the prediction of how well the Navy funds will be used, but rather to gauge 




Traceability allows funds to be traced backward and forward through their uses, 
transactions, conversions, and returns. Full transparency makes tracing funds easier. 
Traceability is essential to transparency which successively increases trust between 
stakeholders. 
A property of a measurement that permits the encumbered or unencumbered passage 
of information is termed transparency (NIST 2016). As with traceability, properties of 
measurement for transparency include validity (Vehkalahti 2000). Low transparency result 
in some items being seen while other items are not seen. Complete transparency results in 
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all items being seen. Some stakeholders may require higher or lower transparency, 
depending on their need for information captured in the traceability process. For example, 
government project managers may need high transparency from their suppliers, whereas 
decision makers may require transparency into only some aspects of the interactions 
between the project managers and their suppliers. Transparency describes access to the level 
of completeness of information and data; and the degree to which functionality, 
performances, and quality are seen. Full transparency means full access to complete 
information and data regarding functionality, performances, and quality. Lack of 
transparency means access is denied to complete information and data regarding 
functionality, performances, and quality.  
Transparency might also be thought of as the degree of abstraction for the 
information. However, that is not the case for this research. Transparency and abstraction 




Abstraction harmonizes the general with the specifics. The level of abstraction is 
relative to other levels of abstraction, not absolute. In a hierarchical structure, top levels are 
at a high level of abstraction (low level of detail) and bottom levels are at a high level of 
detail (low level of abstraction). Abstraction changes the nature of an idea, but not the 
essence.  
1. Abstraction isolates  
 
Abstraction isolates a high-level concept that integrates key aspects of information 
based on the details that make up that concept. Think of this process of isolation as entitling 
a project. In a few words, the title encompasses all that is in the project. Tasks on the project 
may involve very detailed work, yet use the exact words as found in the project title. In 
essence, abstraction derives a summary of details that is then isolated from the constituent 
details. Each level of abstraction masks the details "beneath" in a hierarchical structure or 
adjacent in a heterarchical fashion, with the highest level being the project title, the tasks, a 
level below, being the major pieces that when combined are the totality of the project work, 
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and the subtasks of each task are quite detailed. The process of aggregating subtasks into 
tasks and tasks into projects and projects into programs creates emergent traits and 
properties that are evident at each level of abstraction. The collection of programs represents 
emergence that at the highest level of abstraction is the work of the U.S. Navy. Abstraction, 
as isolation, permits the differentiation of budgetary terms distinguished by the work 
breakdown structure to the roll-up of projects and programs to the entirety of the U.S. Navy 
budget. 
2. Abstraction integrates 
 
Abstraction integrates detailed, yet isolated concepts, into a hierarchical or 
heterarchical structure. Integration is the process of reducing detail and creating emergence. 
Emergence results when two parts interact (Nan 2011; Langford 2012; Burton-Jones, et al. 
2015). The sum of two parts always results in emergence, i.e., something that did not exist 
before the parts were brought together. It is the effects of interaction, i.e., the emergence, 
that may be seen as dominate while the parts that interacted sometimes take on less 
importance. While, on the other hand, the parts that interacted may be disturbed and the 
emergence is unnoticeable. Depending on perspective, observational prowess, and focus, the 
parts that interact or the emergence involved in that interaction should necessarily be 
described as both being essential to the interaction – both are causal. To that end, abstraction 
integrates the parts and the products of integration into a form that sometimes masks these 
parts or products.    
3. Abstraction differentiates 
 
Abstraction differentiates concepts that capture the essence through aggregation of 
key aspects of artifacts, data, and information, (2) integration of these isolated concepts to 
form new conceptual structures that reduce detail without eliminating which is effect masks 
specifics of the elemental artifacts, data, and information, and (3) differentiation and 
integration to form new concepts that encapsulate these new conceptual structures (Rand 
1990). In effect, abstracting information to a high level masks the underlying data. 
Measurement is itself an abstraction (Pfanzagl 1971).  
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The process of abstracting involves isolating concepts (concepts are themselves 
abstractions), encapsulating emergence from the integration of a set of concepts, and then 
summarizing the results to the level of detail necessary for decision making. Abstraction 
may hide various details of information and thereby impose a degree of obscuration, i.e., 
having the effect of reducing transparency and inhibiting traceability without distinguishable 
results. However in this regard, transparency is quite different from abstraction.  
High level of abstraction removes the reality of the intent. A well-intentioned 
stakeholder who commits an error of omission may be masked at some level of abstraction 
that also hides malicious behaviors. The level of abstraction must incorporate the variety of 
processes carried out by stakeholders so that decision makers have sufficient transparency at 
an appropriate level of abstraction. When determining the appropriateness of abstraction, the 
proxy granted to each stakeholder needs to have mutual interdependence according to the 
requisite level of communication, level of trust, and role pluralism (Geller and Moss 2007). 
For traceability and transparency, role pluralism implies the cooperative roles taken on by 
stakeholders who may need the behavioral or personal characteristics of another stakeholder 
to carry out misfeasance or malfeasance. Through cooperation an interdependency or 
affiliation is formed whether unwilled, deliberate, or coerced, the result of which facilitates 
the use of funds that are not intended by policy, laws, rules, or intent. Abstraction isolates 
the parts of interaction (Section C.1.) differentiates the parts of interaction (Section C.2.), 
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III. STAKEHOLDER INTERACTIONS: BUY-SELL 
A. MATERIAL WEALTH OF BUY-SELL 
 
In the traditional product-centric reasoning, the role of the seller is to provide goods 
and services in exchange for material wealth, i.e., money for goods or services from 
the buyer (Langford 2012). In the traditional financial-centric reasoning, the role of 
the seller is to provide material wealth for goods and services. Under the financial-
centric model, the U.S. Navy is the buyer (business operational organizations, e.g., 
OPNAV N91) and all of the contract support people, contractors, suppliers, and 
vendors who acquire money in exchange for carrying out tasks; and the seller 
provides money, tasking, and schedule (Office of the Budget for the U.S. Navy and 
their reports and assigns). The U.S. Congress is the ultimate Seller. The soft-side of 
material wealth is considered to be political capital and control (e.g., policy, access, 
approval, regulations, and rules); the hard-side of material wealth being money and 
other forms of stored value (e.g., credit, property, goods, and chattel) (Tian, et al. 
2003; Ye, et al. 2011). Both soft- and hard-side material wealth are either corporeal 
or enact corporeally (inspired by Vogel 1996).  Reversing the role of the buyer puts 
the buyer in a more powerful position, and there are situations in which the seller 
gains advantage when they reverse roles and become the buyer. In the commercial 
and financial worlds, roll reversal from the buyer’s perspective, degrades the seller’s 
ability to trace and audit transactions, achieve their intentions as expressed in the 
agreement between the buyer and the seller, and maintain control over the money 
transacted. Roll reversal from the seller’s perspective, places the buyer in the 
apparent position of being in charge, without the loss of political capital or control. 
Roll reversal can be either the result of strategy or luck that exploits a weakness.    
A discussion of the buy-sell transaction, from the perspective of the provider of 
funds to the Navy organizations to those who carry out contracting and work, follows the 
traditional economic reasoning. There is an implied (yet implicit) loss accrued to both 
parties due to the transaction, i.e., the buyer and the seller. To keep the flow of money 
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available, the seller experiences incremental losses in the form of direct labor, carrying 
costs, overhead costs, managerial costs, purchasing costs, capital costs, and follow-on costs 
related to audits and traceability. These expenses represent the kinds of losses experienced 
by the seller to give value to buyers and compliance with policy, laws, and regulations. The 
buyer experiences incremental losses in vying for access to material wealth (i.e., money, 
goods, and services). The buyer expenses include costs of direct labor, facilities, 
administration, and costs of outside services to support buyer’s work. Incremental losses 
refer to expenses that are only incurred if the buy-sell transaction is completed. Emergence 
is the realization of abstraction, i.e., that which would not exist without interaction. 
Therefore, the use of funds by the buyer may or may not be traceable or transparent. 
Typically, the seller has greater power than the buyer, i.e., power is derived by 
controlling access to energy, matter, material wealth, and information (EMMI) (Langford 
2012), in the buy-sell transaction. The seller exerts the power of the availability of funding 
and tasking, controls the quantity, and the conditions by which a buyer shall transact to 
acquire certain material wealth. Although, the buyer has less power prior to the transaction, 
the buyer may exert pressures on the seller after the transaction if the conditions of the sale 
require various performances by the buyer to complete the transaction. In other words, the 
obligations of the buy-sell transaction may provide opportunities for the buyer to have more 
latitude than anticipated by the seller. Such latitude may extend to how funds and tasking 
are used to satisfy the obligations under the stipulations and conditions imposed by the 
seller. Given the transparency, traceability, and abstraction parameters, the leeway afforded 
the buyer may be legitimately within the intent of the tasking or not. The buyer must be 
aware of the consequences of not delivering sufficient value to satisfy the conditions, 
tasking, and intent of the transaction.  
Sellers and buyers have different perspectives, but a seller can also be a buyer and a 
buyer can also be a seller. The role of seller is to provide funding or access to funding, 
whereas the role of the buyer is to willingly deliver goods and services. Both the seller and 
the buyer agree to exchange funds for providing labor, goods, and services. The role of the 
buyer is to provide the labor, goods, and services. Sometimes, the buyer will also purchase, 
acquire, or contract for some or all that the seller has requested. In that manner, the fiduciary 
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duty of primary buyer is distinct from that of the role of a secondary seller. This change in 
roles from primary buyer to secondary seller brings with it an obligation of this buyer-seller 
(term to signify the dual roles of buying and selling) to carry out and respect both roles. 
Whenever there is an issue regarding funding, the interests of the seller takes precedence 
over that of the buyer when it comes to the stewardship of funds and fiduciary duties. Issues 




Risk is the fear of exposure to unacceptable chance or loss. The Department of 
Defense defines risk as the likelihood (0 < likelihood < 1) of an undesired event, and the 
consequence of the unwanted event (DOD Risk 2015).  The DOD intent for identifying risk 
is premised on risk increasing with likelihood and consequences. This notion of risk is 
rooted in the traditional thinking that a black swan event is uncommon. Black swan events 
have a low likelihood of occurrence, notably rare, but with devastating effects. However, 
even with a low likelihood of occurrence, the threat of overtly catastrophic loss from a black 
swan event must be factored into acquisitions and procurements due to the heavy leverage 
applied to meeting mission objectives in the face of maturing threats (Heckmann, Comes, 
Nickel 2015). Misestimating the impacts of disruptions to sound management of public 
funds may put the nation’s readiness at dire risk.  
Since the unraveling of the financial markets in 2008 which seems to have crippled 
the capability for an economic recovery with traditional briskness; and the tsunami’s 
inundation of the Fukushima nuclear power generators in 2011, which today continue to 
leak deadly radiation into the environs, suggests that the traditional notion of risk applied to 
certain types of events perhaps underestimates the common notion that a group of project 
experts are sufficient in the main to adequately capture all external factors that may change 
perceptions of programmatic risk.    
It is necessary to extend this general characterization of risk to include the 
occasional yet catastrophic occurrence of an unforeseeable black swan event, i.e., “nothing 
in the past can convincingly point to its possibly,” Nassim Nicholas Taleb, private 
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communication in 2007 regarding his book (Taleb 2007). The complexity of billion dollar 
expenditures for new and sophisticated weapon systems requires an increase in scope of the 
tradition DOD concept of risk to account for black swan events. With the enhancement of 
the 2015 DOD definition of risk to include black swan events, the extended definition for 
DOD risk then accommodates rare, but catastrophic risk: 
Risk is the likelihood (0 < likelihood < 1) of an unneeded, 
consequential event, including a black swan.  
There are two implications of this revised definition for DOD risk that is enhanced to 
accommodate black swan events – while the likelihood of occurrence might be 
undeterminably small, the magnitude of the consequences can be ascertained and therefore 
legitimately be included in the risk matrix; and then inclusion of a black swan event requires 
a different perspective when considering risk.  
Assume that the likelihood of an injurious event depends on forecasting to determine 
outcomes that are modeled as statistical in nature. Then, forecasts are based on observations 
of previous events, lessons learned, best practices, principles, and work heuristics, i.e., 
knowledge. Notwithstanding continuing advances in systems engineering to improve our 
ability to deal with complex, adaptive system behaviors, determining the likelihood of an 
event remains steeped in what we know, rather than what we do not know. Forecasting the 
likelihood of a problem when developing a sophisticated, new system; integrating new 
technology into that sophisticated system; and dealing with a great number of uncertainties 
in orchestrating billions of complicated interactions within those systems often confounds 
human intellect and computerized tools meant to disambiguate them. The resulting lack of 
complete and flawless information results in vague and poorly defined forecasts, i.e., 
uncertainty, results in higher risk.  
 
C. BLACK SWAN EVENTS 
 
Information uncertainty results in decision risk, operational risk, programmatic risk, 
and technical risk (Ullman 2009). And, the uncertainty in the outcomes of tasking and 
funding depend on the analyses performed for compliance with policy (through processes of 
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transparency and traceability) and the errors forecast when assessing risk. Statistically, since 
risk is a continuous function, probability distribution functions provide a convenient 
mapping between intervals of possible events and probabilities or likelihood of occurrence.  
At the root of risk is the uncertainty in the variables that are causal to the events that we fear 
for loss or injury. That uncertainty changes the probability distribution functions.  
Recent research on black swan events in financial markets indicates that the 
skewness of a distribution is indicative of black swan events (Orlik and Veldkamp 2015). 
Orlik and Veldkamp showed that significant fluctuations in uncertainty can be seen in the 
Gross Domestic Product data from 1947 to 1968. The probability distribution functions 
developed by professional forecasters were for the next period, based on previous quarterly 
data. These probability distribution functions were asymmetrical, i.e., non-Gaussian.  By 
separating the parameter updating from the skewness, which neither skewness nor parameter 
updating independently resulted in significant fluctuations of uncertainty, Orlik and 
Veldkamp showed uncertainty rose with each stressor in the economy, e.g., economic 
recessions. Then Orlik and Veldkamp strongly correlated a black swan event with 
uncertainty. Therefore, upsurges in uncertainty correspond with probability of “tail” events, 
increases in skewness (Taleb 2007; Orlik and Veldkamp 2015). Whereas a normal 
forecasting model is symmetrical, i.e., no skewness and therefore no measure of uncertainty, 
an asymmetrical forecasting model reveals the effects of black swan events by the fatness of 
the distribution’s tail. “Tail event probabilities are very sensitive to this skewness 
parameter,” Orlik and Veldkamp 2015).   
Causes of increased uncertainties arise from an overrun budget, a missed milestone, 
insufficiency of skilled personnel, poor task management, inadequate budget to complete 
task, misuse of funds, for example. In general, any action that impacts the linear nature of 
schedule, commensurate with budget and performance, leads to non-linear effects that 
increase the likelihood of uncertainty. However, none of these items listed are black swan 
events. Rather, these are possibly preparatory events or catalysts within any number of 
causal chains (Langford 2012) that might lead to a black swan event.   
Examples of potential black swan events derive from software written by 
professional software developers and by using Microsoft’s Excel [Microsoft is a registered 
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trademark; Excel is a registered trademark] spreadsheet release dates 2013 and prior (The 
European Spreadsheet Risk Interest Group 2016; Soergel 2015). According to Soergel 
(University of Massachusetts, Amherst; and Google, Inc. [Google is a registered trademark]) 
to perform calculations in support of technical work on a project production software 
(100,000 SLOC, source lines of code; the 20% that is executed has 10 errors per 1000 
SLOC, with a 10% chance that a given error changes the outcome meaningfully, and 10% 
chance that an erroneous result may occur) (Soergel 2015). Soergel further states that for a 
“rigorously executed” short program of 1000 SLOC, 100% executed, there is 1 error per 
1000 SLOC, a 10% chance that a given error changes the outcome meaningfully, and a 50% 
chance that an erroneous result may occur) (Soergel 2015).  For the 100,000 SLOC 
example, the probability of a wrong output is ~ 100%; while for the 1000 SLOC example, 
the probability of a wrong output is ~ 5%  (Soergel 2015). The Excel spreadsheet behaves as 
the 1000 SLOC program (Soergel 2015). If either the software or the Excel program is used 
to model a critical or expensive subsystem, a key tradeoff analysis or Analysis of 
Alternatives, a make/buy decision or an evaluation of proposals for a source selection, or a 
calculation for earned value management or a risk assessment, there is  In both program 
examples and the Excel spreadsheet comparison, the likelihood of a problem can be stated 
as approximately 5%,– an unexpected, dastardly problem, with dire consequences – i.e., a 
black swan event.  
Black swan events create enormous risk, far exceeding the traditional “high” 
ascribed to development work in terms of consequences of immature technology, delays in 
schedule due to supply chain issues, missed deliverables, rework identified at a milestone 
review, or parts shortages. Black swan events often impact work at the systems level, so that 
in the aggregate perspective everything is affected negatively – complete disaster. Money 
may not solve the problem caused by a black swan event; the risks are orders of magnitude 
higher than a traditional “high”.  
   
D. SELLER RISK 
 
To satisfy their requirements, sellers of money take on risk to obtain products and 
services. Taking on risk means to assume, be given the responsibility, or be paid to mitigate, 
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avoid, or accept the consequences of an unwanted event. When the seller makes decisions 
that are without basis from the realities of the project requirements, the seller takes on risk. 
It is the buyer’s responsibility to identify and quantify that risk.   
The seller’s risks result when (1) something prohibits use of funds as they were 
intended, e.g., a need arose unexpectedly that necessitated reallocation of resources, a 
misunderstanding or misstep in executing procedures to provide funding in an expeditious 
fashion, or an act of misfeasance or malfeasance; or (2) funds are spent without achieving 
intended results. In essence, the seller’s risk is the loss that results from the difference 
between actual and intended results. Sellers’ risks include credibility risk, operational risk, 
opportunity risk, enterprise risk, and transference risk.  
 
1. Credibility Risk 
 
Credibility risk is the loss and likelihood due to the seller not delivering the required 
funding in a timely manner so that the buyer can carry out the work. Credibility risk may 
derive from the fear of lack of support for the buyer. Credibility risk also often depends on 
the buyer’s inputs to the seller. Credibility risk can be lessened by having the buyer provide 
facts to back up buyer’s assertions. Credibility risk should be factored into the seller’s 
decision to fund a particular buyer, e.g., the seller’s confidence in the buyer to deliver and 
maintain open communications.  
  
2. Operational Risk  
 
Operational risk is the loss and likelihood to the seller of actual expenses related to 
tasks being greater than the planned expenses due to anything involved with carrying out 
processes, procedures, dealing with buyers, handling legal issues, or force majeure, e.g., acts 
of God, fire, flood, natural disasters, malicious injury, strikes, lock-outs, riots, or acts of 
Congress. Operational risks for the seller express in adequate pacing of funding and 
workload; inadequate assessment of work to be done; misleading or inadequate guidance; 
failure to communicate the intended purposes of the funding; and insufficient traceability for 
compliance, progress, and sufficient support to determine operational risk. Operational risk 
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should be factored into the seller’s decision to fund a specific buyer, e.g., the seller’s 
confidence in the buyer to deliver to be creative and adaptive. 
3. Opportunity Risk 
 
Opportunity risk is the likelihood of the seller losing an investment by funding one 
project when another project might or would result in a more favorable outcome than the 
funded project.  Projects are often segregated by risk, opportunity, cost, schedule, alignment 
with organizational goals and objectives, required skills, and compatibility with other 
planned and existing activities. The seller weighs the problems with an existing project 
against the risks associated with a new project – the weightings not being equal. Preference 
is necessarily afforded the existing project. While there can be a great deal of difficulty with 
an existing project, once funded there is immense pressure to continue an existing project to 
completion. At issue is that the existing project has invested funds, an allocation of 
resources, political capital and will, and integration into the organizational operations that 
support development and eventual use in operations. Interoperability requirements can drive 
funds and labor resource allocations in anticipation of future deployment. Opportunity risk 
should be factored into the seller’s decision to fund a specific buyer e.g., the seller’s 
confidence in the buyer to deliver in spite of problems. 
 
4. Enterprise Risk 
 
Enterprise risk captures the likelihood and consequence that results from instability 
and the resultant uncertainty in being able to provide funding for programs and projects due 
to changes in appropriations, contracting difficulties, or actions of financial intermediaries 
and third-party concurrences. Changes in appropriations can mean more, less, delayed, or no 
funding. Contracting difficulties can be changes to what is in the best interest of meeting the 
scheduled delivery with the requirements satisfied through legal delays, or political 
maneuvering. In their capacity as financial intermediaries, acquisition organizations or 
universities may not be aware of the risks or ignore the risks associated with a particular 
vendor or organization. Financial intermediaries act as both buyers and sellers. In their 
capacity as sellers, all movements of funds need to be transparent and traced to alleviate 
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unexpected risks. Enterprise risk should be factored into the seller’s decision to fund a 
specific buyer e.g., the seller’s confidence in the buyer to be resilient and deliver. 
 
5. Transference Risk 
Transference risk describes the willingness to accept risk either without realizing the full 
extent of the likelihood or consequences of an event. In other words, another party has 
underwritten the risk of loss. For the underwriting party, the risks are defined and found 
acceptable, leaving the work to progress without specific attention to risks. Transference 
risk is inherent in the DOD acquisition processes, enforced and encouraged by the type of 
contract, the willingness of the parties to engage in open discussions concerning risks, and 
the abilities of the parties to accept risks e.g., the seller’s confidence in the buyer to deliver 
by overcoming unknowns and persevering in providing creative, doable solutions.    
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E. BUYER RISK 
 
Table 1. General Risks of Buyer and Seller in the Financial-Centric Model 
Issues from Buyer Risk in 
Misclassifying risk as too high 
or too low 
Mismanaging resources and labor supporting tasks with 
consequences of not finding issues early in acquisition cycle 
Incorporating immature 
technology into task work 
Not delivering goods with sufficient availability with 
consequences of not accomplishing missions 
Not clarifying poorly written 
requirements 
High rework that requires remediation with consequence of 
not delivering on schedule 
Not recognizing limitations or 
constraints 
Ineffective integration and poor interoperability with 
consequences of not meeting performance requirements 
Without sufficient skills, 
knowledge, or abilities 
Not passing tests for units, subsystems, and systems with 
consequences of not meeting milestone objectives 
Not having sufficient funding 
for tasks 
“Burning out” workers with consequences of degrading work 
efficiency and not getting the most effective thinking to solve 
a great number of issues that must be ignored until later 
Unresolved stakeholder 
conflicts 
Dealing with conflicting needs or conflicting requirements 
with consequences that the users will become frustrated with 
the operational equipment 
Unrealistic performance 
expectations 




Fostering an attitude that haphazard work is acceptable with 
consequences that customers and uses will live with problems 
Changing requirements and 
specifications 
Redesign, rearchitecting, and rework increase with 
consequences that scheduled milestones are delayed 
Ineffective approach or method 
for task 
Redoing task with consequences of missing schedule 
Ineffective lifecycle 
considerations 
Delivering a product that with consequences that higher than 
expected sustainment costs may occur 
Ineffective design and 
architecture 
Missing a milestone with consequences that the product will 
not satisfy performance requirements 
Incorrectly partitioning 
functions within the Work 
Breakdown Structure 
Rework on design, architecture, and performance allocations 
with consequences resulting in schedule delay 
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F. EXISTING PROCESS 
When tracing the use of funds and expenditures, top-level decision makers make two 
critical assumptions: first, subordinates skillfully execute their work assignments according 
to federal mandates; and second, that top-level decision makers have the knowledge, tools, 
and ability to carry out seven essential functions to abide by policy, rules, and regulations, 
i.e., the standards of governance. Top-level directors and subordinates must be vigilant for 
(a) issues of non-compliance (i.e., by instilling the appropriate levels of abstraction); (b) 
lack of transparency (i.e., systematically collecting and identifying anomalies); (c) 
appropriate use of funds (i.e., determining measures effectiveness in compliance with 
standards); (d) analyzing risk and uncertainty in the decision model for governance; (e) 
interpreting meaning from the collected data and information (i.e., forecasting implications 
of correlated, inferring events through scenarios and trending); (f) evaluating information 
(i.e., determining qualitative and quantitative fit of the practice with goals and objectives); 
and (g) appraising the nature and significance of the use of funds for goods, works, and 
services (i.e., determining value).  
Although government’s role in distributing funds is a long-enacted, mature process, 
the method of control, the identification of standards, and the measures of validity for 
success and failure need further refinement. The problem is there is a disconnect between 
policy, trust, and procedures (that are passive elements of compliance which often result in 
misspent funds, wasted efforts, and ineffectual results) and measures of effectiveness that 
are derived and standardized on a formal mereology. The need is for a focused project 
centered on realistic, validated measures that provide for and enact a set of active elements 
to promote and ensure compliance with overall intent of the acquisition and procurement 
system. The essential relationships between traceability, transparency, and abstraction and 
measurement have as yet to be incorporated in acquisition and procurement.  
G. SUMMARY 
Traceability and transparency communicate confidence in defining, initiating, 
planning, budgeting, executing, controlling, documenting, assessing, evaluating, correcting, 
and terminating – the functions and processes of oversight lifecycle management. Each of 
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these factors, expressed as functions and as processes, are to be incorporated into the 
integrative framework. In that manner, the functions become the basis for measures of 
performance and the processes become the basis for measures of effectiveness.  
The result of traceability and transparency is that the responsible organization for 
U.S. Navy budgetary governance, the Office of the Budget 
(http://www.secnav.navy.mil/fmc/fmb), will know what is being done, how well what is 
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IV. MEASURES OF EFFECTIVENESS AND MEASURES OF 
PERFORMANCE 
A. INTRODUCTION 
By our nature, we measure and evaluate how well we do as a practical means of 
improving our performance in a particular situation to achieve an overall outcome. 
Traceability is often cited and used as the approach to maintain knowledge about the 
whereabouts of money and status of tasks. In the main, we strive to be effective through 
managing the work we fund, the results of which are often scrutinized in both real time and 
then retrospectively from sometime in the future.  
The practical means of identifying a set of key dimensions to gauge effectiveness 
typically incorporates a combination of performance, time, and money. However, what is 
measured to determine effectiveness and how it is to be measured varies widely by subject, 
perspective, task, and circumstance. There seems to be no standard, no systematic means of 
measuring effectiveness. The practice and methods used to determine effectiveness is not 
grounded in theory, has no validated approach, and is not evaluated within a standardized 
framework that reflects the various stakeholder perspectives simultaneously. Without a 
standardized framework, various stakeholders may have different measures of effectiveness 
for the same activity or event. In brief, there is as yet no validated means to be consistent 
and precise in determining the effectiveness of technology. This technical report presents 
progress toward such a methodology and framework to lay out a structured, repeatable 
means of discussing traceability of the funding lifecycle.   
B. FRAMEWORKS 
A framework is a structured way of relating physical objects, e.g., people, money, 
and products; and the processes by which these objects interact, e.g., transferring funds, 
receiving goods, and tracing financial transactions. In essence, the ontology that captures all 
aspects of the funding lifecycle is made recognizable and quantified in a framework. That 
framework is the reference from which information can be interpreted, assessed, and 
evaluated to make predictions. Further, the limitation of action can be described, the validity 
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of the structure assessed, the logic and reasoning can be exposed, new ideas can be posited, 
and the effectiveness of policy can be quantified and determined. Such a framework must 
explain what is observed and accurately capture all that is significant for the observers of the 
objects or processes, regardless of biases or perspective.  
The framework can be used by stakeholders with differing ideas to compare their 
views to a standard. For the first time, measures of effectiveness can be standardized for all 
aspects of the funding lifecycle. For traceability, the physical objects include computer 
hardware and software, network equipment, networking protocols and procedures, policy 
and rules, funding strategies, and the enterprise operational model(s). Similarly, measures of 
effectiveness can be normalized across decision making activities, managing people and 
their uses of funds. Combining the objects with the processes facilitates process and 
functional measures that determine how effective the funding is or will be. The framework 
provides a set of questions by which to investigate all aspects of the lifecycle – 
encompassing purpose, consequences, and effectiveness.  
C. THEORETIC FRAMEWORK 
The role of theory in examining frameworks is to explain what is observed and to 
make predictions about future causal dependencies between objects. By so doing, the limits 
of actions can be determined by analyzing boundaries and boundary conditions; 
relationships can be validated according to the rules of the framework structure; and correct 
reasoning can be applied to discern and decipher the relations between controllable 
variables. For traceability throughout the lifecycle of funds, the causal actions that drive 
social and organizational mechanisms are often not recognized and therefore left 
unaccounted and unwatched. A framework that reveals all possible mechanisms offers and 
affords great advantage in tracing the flow, intentions, and subtleties of use of funds. To that 
end, a well-vetted framework that is based on formal logic and is also fully responsive to all 
of the nuances of action and change that possibly occur is paramount.  The foundation for 
such an influential and useful framework is found in the integration of all things and all 
means of using things. Such a general theory of integration was formally proposed in 2012 
(Langford 2012, 2013) after several years of formulation and use. A much narrower theory 
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of integration for social behaviors was published in the same timeframe. Both theories are 
based on functions. 
A general theory of social integration (theory of fields) was put forth to provide an 
observational basis from which to view social behavior through the functional domain 
(Fligstein 1997). This theory of fields built on David Mitrany’s work in functionalism, 
published in 1933 (Mitrany 1933) and functional integration (Pentland 1973). The theory of 
fields was revised and expanded (Fligstein and McAdams 2011, 2012) to the general case of 
individual behavior.  
Systems engineering integration, however, involves both human sociological actions 
as well as interactions between the artifacts of their work. In other words, the work carried 
out by organizations and people to acquire, build, deliver, use, and sustain operations 
involves all aspects of interactions between people, all aspects of working with equipment 
and technology, and all aspects being responsive to schedules, performance, and use of 
funds.  
The traditional functionalism rooted in social theory could not be extended or scaled 
to meet the needs of the broader formulations used in systems engineering integration 
(Langford 2013).  The need for a general theory of integration went well beyond the 
literature, thus requiring a new look at frameworks, integration, and functionalism.  
As evidenced by massive overrun budgets and severely delayed deliveries, the best 
practices of systems engineering was and remains inadequate to deal with the complexities 
and sophistications of modern-day projects. This is not meant to be an indictment of systems 
engineering, but rather to show a contributing factor to program cancellations and misspent 
monies is not only caused by poor management, lack of real requirements, not following 
best practices, and shortened timelines that incompatible with realistic schedules. There is a 
fundamental problem with the formulation of the structure of systems engineering that also 
contributes to the frustrations of missed schedules, overrun budgets, and less than expected 
product and service performances. Still, ineffective management and the unrealistic 
expectations of decision makers will remain problems until dealt with by competent 
decision-makers whose resolute and unhesitating actions correct these wrongs.  
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The general theory of systems integration rectifies the problems related to 
inadequate requirements and uninformed best practices. In short, the notion of an integrative 
framework deals with the inadequacies of the structure of engineering any type of system 
and offers a clear path to fixing the impediments to schedule, cost, and performance 
problems in all fields or work. Traceability will prove its worth when structured through an 
integrative framework of objects and processes for the acquisition systems, the development 
systems, and the operations systems. 
The general theory of systems integration is a broadly applicable theory of systems 
integration for all situations. It is ontologically based on objects and processes (Leśniewski 
1988). The ontological structure of objects form a frame based on the physical domain, 
while processes form the other frame, the combination of which structures the framework.  
An object has a mechanism(s) that transforms input EMMI into output EMMI. An 
object operates according to rules (i.e., procedures), Figure 2. These activities are often 
observed as behaviors. Combing the activities is referred to as a process. Processes provide 
the capacity to do work, as expressed by the behaviors of the objects that interact. All 
objects that interact induce a function. That function is measurable, thus quantifiable.  
Fundamentally, functions arise due to mechanisms that are activated inside the 
objects. Mechanisms are broadly defined as giving rise to causal regularities” (Dalkin et al., 
2015). Mechanisms are carried out by individuals who interact with objects and processes 
(Gabora 1995), and by objects, systems, and processes (all interacting in various 
combinations with each other) (NASA 2004). Mechanisms explain the relations between 
activities carried out by the objects. This mechanical explanation relates the forces that 
result in actions. Much of the work of the systems engineer focuses on mechanisms and 
interfaces between objects. The EMMI that passes between objects at the interfaces is 
enabled by mechanisms. Mechanisms derive from processes. While functions are always 
related to processes, processes provide for the capacity to do work. EMMI is the capacity to 
do work. Therefore, processes provide for the capacity to do work. In contrast, a function 
(different from process) is the means for carrying out work. By analogy, process is akin to 
force (Feynman 1970) while function is related to energy. For example, measures of 
performance (MOPs), i.e., functional performance can be represented as equations of 
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physics in the form of energy equations. The function is the result of the transfer of energy. 
Energy transferred is the result of interaction(s) between two physical objects. And, 
measures of effectiveness (MOEs) can be represented as equations of force, i.e., the 
mechanisms that make things happen. Force is the result of mechanisms acting on and 
within objects. Force causes physical things to be displaced, i.e., to move; and force causes 
physical things to change. Force is the result of processes, activities, and acts of work. In 
this manner, processes and functions are related to mechanisms.  
 
Figure 2. Mechanisms, Object, and Boundaries 
 
D. PROCESS IS NOT FUNCTION; FUNCTION IS NOT PROCESS 
A function is the action realized when objects interact (Langford 2012).  A function 
is measureable by performances, referred to as functional performances. Functions arise due 
to the enactments of mechanisms of at least two objects that are interacting. Functions have 
inputs of EMMI and outputs of EMMI. More formally, Object O and Object P create a 





















Enabled) (Langford 2012, p. 33) 
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a. Object O interacts with Object P. 
b. Function f is the set of all actions that are a consequence 
of Object O interacting with Object P. 
c. An action is defined as the release or receipt of EMMI.  
d. EMMI represents energy, matter, material wealth, and 
information. EMMI activates mechanisms. 
e. Object O is changed by its mechanism(s) because of an 
interaction with Object P, or Object P is changed by its 
mechanism(s) because of an interaction with Object O, 
or both Object O and Object P are changed by their 
respective mechanism(s) because of an interaction. 
f. Mechanism is set of rules and logic constrained by 
context and environment that govern the transformation 
of EMMI by objects. 
g. Mechanisms are the means or methods by which objects 
change, i.e., the execution of activities and acts. 
h. A change is defined as the difference between an object 
before interaction and the same object after interaction.  
Objects are absolutes (Martin 1988, p. 48). Physical objects, people, and ideas are 
representative of objects. As absolutes, objects are viewed independent of other objects. An 
object’s independence results from its individual nature that is differentiable from other 
objects. Each object is bounded, i.e., separated from other objects. Further, objects exist 
within metric spaces.  
A metric space is a set of objects where each object is identifiable by the notion of 
“distance” between objects. The distance indicates the degree of separation. That distance 
might be measurable with reference to a standard (e.g., meter), by ratio (e.g., the quantitative 
relation between two amounts showing the number of times on value contains or is 
contained with the other), or by a generalized distance that results from the correlation of 
variables (e.g., ‘...a single measure of the degree of divergence in the mean values of 
different characteristics of a population...’ Mahalanobis 1936; Taguchi and Jugulum 2002). 
The boundedness of an objects and the distance between objects can be objective or 
subjective. Multidimensional scaling is a technique of exposing the essential dimensions and 
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distances between objects that are inspired by subjective judgments. In this manner, 
objective or subjective distances can determine the distances. This emphasis on 
dimensionality is facilitated by interpreting the similarities, dissimilarities, or proximities of 
objects as patterns (which have scalability in terms of distance). Distance is a measure of 
difference(s) between objects as scaled by the relative juxtaposition of objects (e.g., 
patterns) and the absolute limits of distance imposed by the separation(s) of the objects. 
A process is an ordered set of activities. An activity is the means by which a 
mechanism applies force to an object. An activity is duration, its lifecycle, EMMI, and its 
effect(s) on objects. Processes have inputs of EMMI and outputs of EMMI. Process 
provides for the enactment of a function, i.e., the capacity to do work. Every function has 
multiple measurable performances associated with the perspectives of stakeholders. To 
achieve various levels of functional performances, processes must be enabled by EMMI to 
enable mechanisms.  
E. UTILITY OF FRAMEWORKS 
The framework is a model that integrates the frame that describes objects with the 
frame that describes processes. The object frame is objective, i.e., measurable and 
quantifiable – independent of our observations; the process frame is subjective, i.e., 
premised on bias, cognition – dependent on our observations. The objective – subjective 
framework is described and measured with nominal, ordinal, cardinal, ratio, and interval 
scaling (Torgerson 1967; Pawson 1987). Traceability of funds requires both objects and 
processes, exclusively.  
The intersections between these two frames form an integrative framework by which 
scenarios can be evaluated, systems can be designed and built, programs and projects can be 
managed, and exploration and research can be carried out. This framework organizes the use 
of social and technical mechanisms to do work, formulates appropriate, proper relationships, 
and conveys a common meaning to all stakeholders. This integrative framework simplifies 
decision making, reveals what is missing from the work, structures the logic for critical 
thinking, and determines effectiveness. In general, a framework aids in formulating 
hypotheses and identifying the “...kinds of causal conditions and process patterns that seem 
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relevant for a given range of issues, [and] they offer concepts that correspond to these 
identifications, and they give reasons for the choices made” Rueschemeyer 2009).  
It is typical that empiricists rely on observable regularities between the interactions 
of frames from which to build a formal model of the relationships. This model characterizes 
the causal links that result in the observed regularities (Klepper 1996). This structure and 
narrative that embodies and conditions the model is termed a theory of frames or is referred 
to a framework. In the case of the objects and processes framework, the theory of frames is 
founded on the mereology developed by Leśniewski.   
F. FRAMEWORK VALIDITY 
In this research, the basic mereology used is extensional (with the addition of the 
strong supplementation). Intensional mereology includes constraints such as time and 
counterfactuals. Intentional mereology is mereology with imposed context. The mereology 
of interest to a general theory of integrative frameworks avoids contextuals and intentionals, 
focusing rather on the absolutes that are general and common across the domains of the 
framework. These domains include objects, functions, and behaviors for the objective 
frame; and cognition, activities, and modeling for the process frame. 
Extensional is “ontologically monistic” (Poli 2003, p. 7). For integration (and 
interaction which is also included in the integrative framework and the theoretic constructs), 
every object and parts of objects are objects, leading to the transitive nature of objects. In 
contrast, the nature of processes is intentional, stipulating that non-independence is 
distinguishable from independence by two cases – a is dependent on b or that a is equal to b. 
Processes can be equal in terms of their intended outcomes or dependent in a derivative, 
imitative, or a subsumed sense of relation. Processes are decomposed (or constructed of) 
activities, and acts, where an act is the basic unit of measure for a process or activity. In 
isolation, an act is the single factor that has value with reference to a process and signifies a 
process or activity in which it is operative (Langford 2012, p. 134). Multiple acts combine 
into activities, and multiple activities combine into process. 
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Integration of objects and processes is fundamental to systems engineering, systems 
thinking, and most certainly traceability within systems. Objects and processes are inherent 
in mathematical constructs (Wokenhauer 2007).  
The meso-centric view is expressed mathematically by the recursive function theory 
and was expressed over time as: simple ideas bred complex ideas. Said mathematically, a 
countable set S is mapped from a detachable subset of X onto S. Let W be a partial function 
on X, by which W is a mapping with domain D, the mapping called a subset of X. If D is X 
itself, then the function is a total partial function on X. By the Kochen-Specker’s Theorem 
(Stanford 2004) there is recursive measurable set for which a sequence of subsets converges 
as the bounded open intervals in R increase to infimum, the condition where the greatest 
element of X is smaller or equal to all elements of W. Therefore, there exists a continuous 
function f: [0,1] –> R that is continuous, but not uniformly; and a positive-valued uniformly 
continuous function f: [0,1] –> R whose infimum is 0.  
The Kochen-Specker theorem is mathematically proven as a geometrical statement 
and is independent of quantum theory (Peres 1995, pp. 202–208). Therefore, it is not 
surprising to find the theorem generally applicable across the theoretical subfields of physics 
as well as representative of empirical observations in systems engineering, management, 
and sociology. That there is no reference to or need for statistical information in proving the 
Kochen-Specker theorem helps focus the discussion on measurements and not the detector 
or sensor, domain or scale, or discipline or field. Again, the emphasis on the epistemological 
issue of the measurement, being as interpreted as representing the intended causality, is an 
essential discussion when determining boundaries. And further, a statistical interpretation 
masks the causal implications of this highly relevant theorem to systems. Moreover, the 
implications for understanding the system rather than the measurements are a significant 
result from investigating the boundaries for a general theory of systems integration. 
Therefore, underlying empirical support for the Kochen-Specker theorem is categorically 
important to solidify its relevance and importance to systems and traceability. 
Expressed in descriptive language that is applicable to the context of traceability for 
the systems of acquisition, procurement, development, program management, operations, 
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and sustainment, there is strong causal agreement between meso-theoretic formulations and 
those of meta-theoretic formulations. Therefore, construction of local structures and systems 
can mimic, replicate, or agglomerate to form larger structures, systems, and system of 
systems. In the physical world we find atoms, parts, and human-made artifacts, meso-scale 
natural and human-made structures and organizations; and meta-scale countries, alliances, 
and the planet.  
In total, the essential argument for interactions between objects and processes 
leading to the integrative framework and the general theory of integration or systems is that 
if such a general theory of systems integration can be formulated, it is required to have 
noncontextuality, by the virtue of ruling out non-contextual hidden variables. Since 
similarity (Gentner, 1983, 1989) requires abstraction rather than context, a general theory of 
interaction and integration would necessarily be structured similarly at meso- and meta-
levels of enactments. That there is a similar theory in sociology, albeit not as broadly 
determined or validated, is an essential step in solidifying the integrative framework.  
This similarity at meso- and meta- levels is consistent with the Social Theory of 
Fields (Fligstein and McAdam 2011, 2012). Further, if there are interactions based on 
context, then there are no global elements (Isham 2008). Again, the contextualization that 
localizes events does not scale to the global elements. The observed effects due to local 
events were also consistent with the recently released Social Theory of Fields (Fligstein and 
McAdam 2012). The commonality between the basis of social theory and integration theory 
is not surprising, and was fully expected. But until only recently, there were only notional 
suggestions as to the direction of the literature (Jenkins and Ekert 1986; Clemens 1997; 
Fligstein 2001; Armstrong 2002; Binder and Minkoff 2004). In substantially the same 
manner as building and integrating artifacts, social structures show the effects of interaction 
and integration into systems. Whether in the domain of physics or sociology, the pertinent 
issue for integration is the scalability from local effects to global factors. 
Similar (referring to “similarity” as described by (Gentner 1983, 1989)) to the 
conceptualization of the recursive function theory by Markov for the classical and quantum 
domains, recursive function theory was recently applied to sociology, as expressed in Neil 
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Fligstein’s and Doug McAdam’s A Theory of Fields, (Fligstein and McAdam 2011, p. xiii). 
Fligstein and McAdam developed a general theory of fields for sociology that dealt with the 
range of integrated social structures and dynamics premised on emergence, stability, and 
change. Recasting Fligstein’s and McAdam’s general theory of fields from its native 
sociological terminology into the constructs of an integrative framework illustrates the 
seven key components of Figstein’s and McAdam’s theory which show specific relevance to 
the integrative framework for traceability: (1) strategic action fields that describe the 
collective actions in society – interpreted as the integrative structure of objects, processes, 
and interactions; (2) the governance of people – interpreted as control and mechanisms; (3) 
the social skills – interpreted as performance and quality; (4) the environment – interpreted 
as context; (5) the exogenous shocks – interpreted as disruptions that characterize resilience 
and adaptability; (6) episodes of contention – interpreted as sustainability in the face of 
emergence; and (7) settlement – interpreted as metastability through accommodation. 
Additionally, the applicability of the Kochen-Specker theorem and its propositions 
are reflected in the Social Exchange Theory used to characterize human behavior as an 
exchange of rewards between actors. The exchange is an interaction between objects 
(actors) through processes embodied in the objects and activities of the objects and 
environment (Zafirovski 2005). The integrative framework is linked to the current 
description and understanding of the physical universe as well as social actions. The key 
issues for the integrative framework are the relative detachment from specifics of 
applications or domains, and the reliance on the mereology of objects and processes, 
interacting through EMMI.  
Following the formulation of reactive systems (Wieringa 1996), there are two types 
of systems: Galian1 – those that retain a memory of the input EMMI once the object has 
produced an output performance; and Kovian2 – those that do not recognize a prior event as 
                                               
1 A Martingale chain process describes the states of a system at successive times, each state exhibiting an 
awareness of the previous state, carried as the expected value of the future step. There is memory of the current 
state(s). The Martingale process is (in part) based on the past. Martingales are expressive of an interval space, 
without being capable of ignoring the change in reference that initiates its mechanistic behaviors. This referent 
to the past is akin to memory of a prior event, i.e., Galian. 
2 A Markov chain process describe the states of a system at success times, each state reflecting the conditional 
probability distribution of the state of the process in the future, given the state of the process that exists. There 
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having occurred. For EMMI inputs I1, …, Im, outputs O1, …, Om, are produced. The outputs 
are of the form: 
Galian Referent with memory:         
Kovian Referent without memory:    and 
 
The mechanistic behaviors of systems regarding converting input EMMI to output 
EMMI is fundamental to interaction and essential for stability and “stagility” (Langford 
2012) to support the operations within the funding lifecycle. The “mechanical” mechanism 
is observed in both artifactual and natural systems. Mechanism, as something mechanical, 
also appears in systems engineering (Slegers et al. 2012), social systems (Blanchard and 
Summers 1986), economic systems (Dixit 1992), economic transactions (Franz 1990), 
electric power distribution systems (Goodman and Ard. 2005), control theory (Aström and 
Murray 2009), and quantum theory (Jaynes 1978)3.   
Hysteresis is the mechanism for positive feedback, providing a “stable state” that is 
nonresponsive to high-frequency input fluctuations that can have a destabilizing effect by 
establishing a threshold constraint. Biological systems and engineering systems often 
employ hysteresis to either (1) provide some measure of protection for the system (by 
isolating the responsive mechanisms from certain types of input EMMI), or (2) obtaining a 
faster response to a given input EMMI (Aström and Murray 2009).  
                                                                                                                                                
is no memory of the previous state(s). The Markov process is (in part) based on the present (without “memory” 
of the past), and therefore independent of the past. Markov processes are expressive of a set of non-ordered 
states, i.e., without provenance. The expressed “lack of memory” in the Markov process characterizes systems 
as mechanistic based on a constancy of process referenced to a starting point that remains constant. This 
referent to the present is akin to no memory of a prior event, i.e., Kovian. 
3 An alternative formulation for the memory phenomenon of hysteresis is found in Jaynes’ comparison of a 
quantum mechanical case using ‘the Schrodinger’ representation with that of a generalized Gibbs algorithm for 
calculating irreversible processes (Jaynes 1978). 
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Hysteresis also has the consequence of providing a rapid response to stimuli without 
the intermittent fluctuations that often accompany mechanical reaction to a baseline-driven 
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V. FRAMEWORK FORMALISMS AND INTERPRETATIONS FOR 
TRACEABILITY 
One of the earliest and most profound twentieth century philosophical 
mathematicians was Stanisław Leśniewski. Leśniewski brought a rigor and formalism to 
ontology that has neither before nor afterwards been exceeded. Referencing Leśniewski 
(Woleński 2000-2001) and referring to the modern language of parts and wholes, i.e., 
mereology (Simon 1987), a formal description of the integrative framework is presented. 
The variables and artifacts from the integrative framework are used to detail the work of 
traceability and its measures of effectiveness and measures of performance. 
A. BOUNDARIES INTRODUCTION 
Of particular interest for the integrative framework is the representation of 
boundaries. Physical, functional, and behavioral boundaries of parts and whole(s) capture 
the distinction between the influences of one object as opposed to that of another object. It is 
through the influences of boundaries and their respective boundary conditions that we 
observe causal actions, including emergence. 
Boundaries are the means of partitioning objects into individuals or groups, 
processes into acts or activities, and the formal description of the integrative framework into 
part of frames, frames, and framework, i.e., the denoting of parts and wholes – “partology”. 
The discourse for integration consists of wholes and parts, collectively termed objects. In 
this sense, the relation of parthood denotes a reflexive, antisymmetric, and transitive 
relation, i.e., a partial ordering. The profound consequence of this partial ordering is that 
systems are comprised of objects and processes (Henry 1972; Leśniewski 1988; Stanford 
2007).   
B. GROUND MEREOLOGY 
The basic set of descriptions referred to as Ground Mereology is embodied in 
axioms and definitions (Stanford 2007; Leśniewski 1916). Ground mereology has remained 
essentially the same since these four definitions and three Axioms were first put forward by 
Leśniewski. Refinements and extensions have shown the applicability of Ground mereology 
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to ontologies for social science (Smith and Varzi 2000), computer science (Artale, Franconi, 
and Mandreoli 2003; Bjørner 2009), information science (Lambrix, and Padgham 2000), 
software engineering (Tan, Hao, and Yang 2003), psychology (Winston, Chaffin, and 
Herrmann 1987), biology (Varzi 2004; Schulz, Kuman, and Bittner 2006) and biomedical 
ontologies (Smith et al. 2005, Keets 2008). 
Proper Part    x < y   x is a proper part of y  
Proper or Improper Part x £ y  x is a proper or improper part of y 
Overlap   x o y  x overlaps y 
Disjointness   x ∨  y  x is disjoint from y 
Logical conjunction  x ∧  y  The statement x ∧  y is true if x or y  
(or both) are true; if both are false, the 
statement is false 
Logical negation  ¬ x  The statement ¬x is true if and only  
if x is false 
Universal quantification ∀  x   for all x 
Existential quantification $ x  for at least one x  
Material implication x → y  If x is true then y is also true; if x is   
false, then nothing is said about y 
Existential quantification $ x  There exists  
  
Using the standard nomenclature (above) that part is specifically meant to mean a 
proper part relation. In the formulation for the integrative framework, a proper part is 
considered a trait of an object that is comprised of multiple objects, e.g., a person and 
his/her hand. A person with a delicious cheeseburger in his/her mouth (a person- delicious 
cheeseburger object) has an improper part: the delicious cheeseburger, i.e., not intrinsic. The 
designation as improper part contrasts with proper. The whole relation of the person is 
proper. An improper part is considered to be an object having relation(s) with another object 
enacted by connectivity, coupling, and cohesion through EMMI interaction. Every part of an 
object is either a part that is proper or improper.  
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C. DEFINITIONS, AXIOMS, AND SPECIFICS OF TRACEABILITY 
An Atom has no proper parts, but is the elemental object of mereology. 
1. Definition 1. 
Definition 1: Atom(x) is defined as ¬ $ y (y < x) (Keet 2008). 
Combining objects is of two types for the purpose of this thesis: those that are as “proper 
part of” and those that are “as part of” (i.e., having both proper and improper parts). 
Discrete objects are those that have at least one atom as a part. An object can be subdivided 
to the elemental parts, i.e., atoms, 
" x $ y (Atom (y) Ù y £ z) (Keet 2008). 
An object lacking proper part(s) is an atom. 
Each partitioning that encapsulates object(s) has a property, trait, and attribute that is 
definable by intention, logic, and rules. By the statement, “partitioning is similar to 
granularity” – as rigorously put forward and referred to as granulation (Keet 2008); or as 
informally described in terms of criteria (Winther 2006); or in terms of a formal set of 
criteria (Chen and Yao 2006), partitioning goes further. As a process for designing and 
building artifacts, partitioning (process) the variables x and y is the set of cognitive 
structures (object) that establish the procedures and representations that will be carried out 
by a set of activities. As an event, partitioning is the embodiment of the variables x and y as 
objects with boundaries and boundary conditions. The variables x and y are singular, 
identifying individual objects. Partitioning is both subjective by its enactments through 
process and objective by its result as an object. This broader conceptualization of 
partitioning is an example of the integrative objective-subjective framework. As a goal, 
partitioning is theoretically possible, albeit mired by the practical aspects of competing 
requirements and the ineffective determination of boundaries.  
 The condition of an ideal partitioning between objects is to be non-overlapping or 
non-underlapping. The criteria for an ideal partitioning shall be an identifiable property, 
trait, or attribute that change without overlap or underlap of boundaries. The condition of 
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partitioning is defined by overlap. Overlapping objects are reflexive and symmetric, but not 
transitive (Simon 1983, p.12). Objects that overlap have at least one part in common; 
objects that underlap have no parts in common. Overlapping objects induce constraints on 
the objects that have mutual overlapping physical, functional, or behavioral boundaries. 
Underlapping objects do not constraint (nor interact) with each other. 
2. Definition 2. 
Definition 2: Overlap of (x,y) = def O(x,y) : º $ z (z£ x Ù z £ y) (Simon 1983, p.11–12; 
Smith and Varzi 2000; Keet 2008, p. 70). 
When two objects overlap in physical dimensions, the physical components do not 
fit with each other, i.e., one part intrudes on the physical space of the other part. For 
functional overlap, there is an issue of control duality, whereby a shared function is under 
the management of two entities. For behavioral overlap, the span of control is greater than 
one individual, or in some cases, an employee is said to have “two bosses”. Overlap refers 
to an influence of at least one object on another object.  
3. Definition 3. 
Definition 3: Nonreciprocal overlap of (x,y) = def O (x Ú y) : º " x(x£ y) Ù ¬ (y £ x) 
Design for nonreciprocal overlap emphasizes the amount, direction, type, and 
characteristics of the released EMMI, i.e., the traits and attributes of the hidden object (e.g., 
transaction). Definition 3 distinguishes nonreciprocal overlap from (Definition 4), proper 
overlap. 
4. Definition 4. 
Definition 4.: Proper overlap (x ° y) = def (x • y) ∧  ¬ (x = y) ∧  ¬ (y = x)  (Guizzardi  
2005, p. 143). 
Overlap is a constraint imposed on the relations between objects that are attempting 
to integrate, which poses particular problems for traceability. For example,  overlap of 
objects (identified as source as funding that has been split into two parts with an overlapping 
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set of requirements, project name, and sponsor) causes two functions to have direct control 
over or influence portions of each part’s functionality and performance(s). The constraints 
caused by overlap require correction to delineate clear and distinct boundaries of direction 
and control. The integrative framework identifies overlapped functions with the emergence 
that will be observed in costly and time-consuming rework or means to differentiate 
between the two parts.  
5. Definition 5. 
Definition 5.: Underlap of (x,y) = O(x,y) : º $ x (x£ z Ù y £ z) (Simon 1983) 
Likewise, underlap indicates the gap between objects that needs to be filled. 
Mathematically, an underlap is represented as the object that is required, but is “not a part in 
the set of objects being integrated”. Consequently, an underlap represents a missing function 
or a missing “extension” of an existing function caused by error in designing the software, 
mismatch of functionality to physical hardware, or missed requirement(s). Overlap and 
underlap are reflexive, symmetric, and intransitive. The conditions for well-defined parts 
and whole (i.e., no overlaps or underlaps) are irreflexive, antisymmetric, and transitive 
(Guizzardi 2005).  
In preparing the integrative framework for traceability, decomposing functions 
incorporates the structures to ensure that every object is taken to be part of itself (IDEF5 
1994). In other words, the result is a reflexive relation with objects. Allow the reflexive 
relation to be a weak condition that considers relations of the type whereby “an object is 
equal to another object”, “an object is a subset of an object which is comprised of proper 
and improper objects” or “the subset of an object only permits proper and improper 
objects”, “objects are divisible into other objects”, “an object can be greater than or equal to 
another object”, and “an object can be less than or equal to another object”.  
6. Axiom 1. 
Axiom 1: " x (x £ x)    (Smith and Varzi 2000; Guizzardi 2005, p. 143).  
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If object x is part of object y, then y is not part of x;…, nothing is a proper part of 
itself, or alternatively, two different objects cannot be part of each other. Axiom 1 indicates 
reflexivity.  
Beginning with the work of Leśniewski, the relation of parthood means partial 
ordering, i.e., a reflexive, antisymmetric, and transitive relation. The foundational 
components of mereology are expressed by irreflexive, asymmetric, transitive relations. 
A stronger proper part relation allows the irreflexive relation (i.e., a stronger 
condition relying on proper parts) to coexist with the reflective (weaker) condition, subject 
to the particulars of the objects. An irreflexive relation (or antireflexive) accommodates 
relations of the type whereby, “an object is not equal to another object”, “an object is a 
proper subset of an object”, “an object is greater than another object”, and “an object is less 
than another object”. From the perspective of the integrative framework for integration of 
traceability into the stewardship of funds, the stronger condition of irreflexive relations (plus 
the allowance for an appropriate use of the reflexive condition) helps avoid the boundary 
and boundary condition ambiguities associated with an object having two related, but 
independent existences. For example, based on a purely reflexive condition, a specific 
allocation of money would be its own primogenitor (which is too strong a condition to allow 
for flexibility in further allocating money. 
The proviso for irreflexive relations provides for the widest range of object structure 
from which to best plan for budgeting and allocating funds. The constraint that results from 
the irreflexive relation does not impede the method of decomposing physical objects into (or 
the mapping of) functions and processes that have been decomposed into subfunctions and 
activities, respectively. A fundamental difference between providing funds to subordinates 
and subordinates reallocating funds to satisfy tasking, schedule, and performance 
requirements is illustrated by the reflexive/irreflexive relations between objects. “Best 
suited” or “most convenient” found acceptable by subordinates may not be aligned fully 
with the needs of the superiors.  
7. Definition 6. 
Definition 6.: Irreflexivity of (x, y) º (x < y) = def (x £ y) ∧  ¬(y £ x)  (Smith 1983) 
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If the physical, functional, and behavioral boundaries of object x are not perfectly 
aligned with the physical, functional, and behavioral boundaries of object y, then the objects 
are said to be asymmetric or having irregularity of form or arrangement. Perfect alignment 
across all three boundaries means that the tasks are identical in all aspects. Any differences 
in two tasks means that the tasks are not identical, but the tasks may or may not have 
common elements (i.e., overlap). Requiring the relation of anti-symmetry imposes a 
condition that is necessary for integrating traceability into the management of funds or 
sustaining a system without traceability. Antisymmetric relations between objects are a 
natural consequence of systemic operations (Axiom 3). By itself, asymmetry is not 
sufficient for metastable systemic behavior (Smith and Varzi 2000). Metastable behavior 
means that there are at least two “normal” situations. One normal situation might be when 
most projects are tracking well with milestones, expenditures, and product performances. 
Another normal situation might be when multiple projects require additional money for 
which no funds were specifically. 
Symmetric behavior is an exactness that approximates many aspects of systemic 
behavior and artifactual design. The symmetric relation imposes reciprocity of behavior in 
stable objects, e.g., a table. A dining table (object) has no function or uses other than by 
design intent or interaction with another object. Only after the table is assembled and into 
use do the functions of the table become enabled. Prior to use, these functions are potential 
functions. Therefore, the table has no physical boundary other than its physical incarnation 
(assuming the table exists as part of the Earth-table object). The parts of the table are stable, 
the physical connections between the parts of the table are stable, and the final assembled 
table is stable. Stability is built into the table at the time of design and achieved through 
assembly (i.e., integration). The table is not a system. While there are no sustainment 
processes built into the structure of the table, sustainment can be incorporated through 
actions with other objects. In this example, the human user (or maintainer) of the table can 
maintain the stability and integrity of the table structure to the degree and level desired by 
the user. Bolts can be tightened, glue can be reapplied, surfaces can be refinished and kept 
clean. The metastability condition that suggests stability is satisfied by the user, not the 
table. The condition of symmetry is not found in systems. Since the funding lifecycle and 
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traceability are integrally involved with several systems, symmetric behavior is noted, but 
not used. The symmetric behavior leads to, Axiom 2 indicates antisymmetric behavior.  
8. Axiom 2. 
Axiom 2: x £ y Ù y £ x → x = y  (Smith and Varzi 2000; Guizzardi 2005). 
Planning the typical funding lifecycle task confronts two issues: first, determining 
the piece-wise continuous sequential order with allowable concurrency in which the 
processes and functions to carry out the work. Second, boundaries and boundary conditions 
must be recognized, orchestrated, and manipulated to overcome interoperability issues, 
ambiguities in tasking that encourage undesired behaviors, and predictions of emergence 
that is undesired. Interoperability issues include organization to organization 
communications to facilitate smooth transfer of funds. The Principle of Planning should be 
focused on budgeting. The basic and key condition for planning is Axiom 3. 
9. Axiom 3. 
Axiom 3: x £ y Ù y £ z → x £ z  (Smith and Varzi 2000; Smith 1983). 
If object x is part of object y, and object y is part of object z, then object x is part of object z.  
Axiom 3 is the expression for traceability. Prudent management of funding lifecycles 
rely on traceability to assure that the requirements for the project are in fact being met, and 
that no work is expended on efforts that do not align with the needs of the stakeholders as 
expressed through the requirements. Requirements are contractual deliverables (in the legal 
sense), and mandates for expenditures of labor and money plus allocations and use of 
resources. Further, Axiom 3 is an expression for hierarchy and Heterarchy structuring of 
budgets, the two organizationally pertinent structures for planning budgets. Axiom 3 
indicates transitivity; and a partial or total ordering of objects or processes (i.e., prioritizing).  
Boundary conditions are a set of properties and traits imposed on the boundaries of 
an object or process that define the allowable EMMI that transacts. Boundary objects relate 
to the causal structures and processes that are foundational to traceability, nomothetically 
speaking. Interactions between objects are determined by boundary conditions and the 
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characteristics of the object during the time of interaction, hysteresis, and dynamic process 
relaxation. In other words, if an object is able to use the input EMMI, and the boundary 
conditions are conducive to its use, the boundary conditions contribute to the causal relation 
between objects. Boundary conditions also define the underlying topology of the object’s 
boundaries. In essence, boundary conditions are constraints caused by the action of EMMI 
on the properties and traits of an object’s mechanism(s). Interaction occurs because the 
properties, traits, and mechanisms of participating objects transform EMMI into object-
useable EMMI.  
In addition to the physical boundary, two additional boundaries exist between two 
objects that are or could be interaction: functional and behavioral boundaries (Langford 
2012). These boundaries derive from a physical or expected physical connection or a non-
physical interaction or lack of an expected physical connection). The first of these 
boundaries is functional – deriving from the uses of two objects as determined by physical 
contact and manipulation by another object. The functional boundary only exists when there 
is interaction between two objects. When the interaction ceases, the function on long exists. 
The functional boundary is identifiable (and testable) by removing one of the objects [i.e., 
the logical equivalent of falsification (Popper 1935 [1959])]. 
Behavioral boundaries can be changed by modifying the interface between objects, 
or the objects themselves. Changing the objects also changes the functions when those 
functions interact. If there is no functional dependency, i.e., no interaction between objects, 
there are no behavioral changes (Langford 2012). Stated differently, behaviors may exist 
because an object exists or does not exist or when a function either exists or does not exist. 
If one does not “observe” an object (by interaction with EMMI), then there are no 
observable changes in behaviors.  
All boundaries are porous, i.e., they can be crossed, changed, or broken. Physical 
boundaries can pass EMMI through the actions of mechanisms. Functional boundaries 
(where the action exists due to interaction between two objects) can be changed by 
modifying the properties or traits of one or both of the connected objects. Changing an 
object’s mechanism(s) or physical structure changes the function that results from the 
juxtaposition of one object with that of another object. Should the remaining object not 
Page 52 of 125 
 
 52 
reveal a change in its behaviors, no function will be established due to the other (now 
missing) object. In other words, the EMMI (interaction) between the two objects may be 
insufficient to result in a reciprocating functional dependency between objects. A functional 
boundary reveals there is an interaction(s) between objects, perhaps being observable as an 
event.  
For this research on traceability, boundaries are not viewed as ontological entities in 
themselves. In this view, an object is not distinct from its boundary, as is a boundary not 
distinct from an object. Boundaries maybe infinitely small, yet still not be distinct from that 
which is the related object or something from that which is other than the related object. The 
boundedness of an object encompasses all that is the related object and none of which is not 
the related object. Therefore, boundary is object, and cannot be all else as it is ontologically 
the object.  
This research extends Ground Mereology to traceability by including the definition 
for transparency.  
10. Definition 7. 
Definition 7: Nonreciprocal overlap of (x,y) = def O(x Ú y) : º " x (x£ y Ù ¬ (y £ x)    
For traceability, transparency provides the basis for some objects and processes being 
invisible to traceability.  
 Moreover, this research includes what is referred to as axioms for weak and strong 
supplementation (Simon 1983, pp. 26–29). Weak supplementation requires an object have 
two proper parts in contrast to the single proper part described in Definition 1, and its 
application to domain ontology.  
 The statement of the weak supplementation indicates that if an object has a proper 
part, it has a proper part disjoint from the proper part. This statement outlines the situation 
when traceability is not an integral part of the systems’ processes in which it used. Weak 
Supplementation has been thought to be too lax in its requirement for only one proper part 
(Simon 1983; Guizzardi 2005; Keets 2008). The test of the weak supplementation is 
observable in non-social systems. Weak supplementation is most appropriate for a single in-
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house task managed by its own organization. The weak supplementation does not imply the 
existence of a strong supplementation. And, the difference in the system’s domain is that 
isolated organizations with one in-house task (weak supplementation) do not “know” about 
other organizations through direct interactions with EMMI. 
  
Strengthening the implications from the weak supplementation to the more 
restrictive requirement that if an object x is not part of another object y then there is a part of 
y which does not overlap with x. The strong supplementation is a necessary and sufficient 
condition for systems with multiple tasks and both in-house and outside that result in 
metastability and dynamic stability in operations. However, the strong supplementation 
directly implies the existence of a weak supplementation. Systems and system of systems 
organizations with multiple tasks “know” about isolated organizations. In these terms, 
traceability must “know” systems organizations (who know) and isolated organizations 
(who do not know).   
11. Axiom 5. 
Axiom 5 Strong Supplementation: ∀ x,y ¬ (y £ x) → $ z (z = y) ∧ (z Ú x) 
The strong supplementation axiom ensures for every property of an object there 
exists an object that is an agglomeration of the individual properties of constituent objects. 
The inclusion of the strong supplementation in Ground mereology is known as Extensional 
Mereology. Most often in the literature, the weak supplementation is included in Ground 
mereology (Smith and Varzi 2000).  
 To apply the strong supplementation axiom to metastable and dynamically stable 
agglomerates (systems), it is necessary to add the boundary conditions to impose constraints 
on or due to interactions. Strong supplementation requires an applicable formulation of 
constraints to capture the emergent traits inherent in the agglomeration of processes and 
objects.  
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12. The Cardinal Axiom of Ontology. 
The fundamental axiom of ontology was stated by Leśniewski (1980) as the 
conjunction of three expressions: 
x  e X  º [ $ y ] { y  e x } Ù [ y , x ] { y  e x Ù z  e x  É y  e z } Ù [ y ] { y  e x  É y  e X } 
 
with the meaning of x  e X  being that X  is the set of all elements x 
where the sign of  implication is É 
where the sign of conjunction is Ù 
where the sign of  equivalence is º 
and structures of quantifiers are bracketed [ ] and {} 
and structures of variables are  x , y , z   
and descriptions are for every x and every y is written [x , y ] 
existence quantifier  for a certain x and for every y is written [ $x , y ] 
 
D. CONCLUSION 
This fundamental axiom forms the foundation to construct modern-day mathematics 
and Boolean algebra (Srzednicki and Stachniak 1988). Leśniewski’s axiom is non-
contradictory. The cardinal axiom has two components – objects and processes. The 
formulation of relations between objects and processes is based on the conjunction of parts 
and wholes as controlled by the rules of non-contradictory mathematical logic. Leśniewski’s 
logicism forms the limits and conditions by which objects and processes are allowed to 
interact or not interact. The integrative framework is the forum for using Leśniewski’s 
axioms and definitions. These axioms and definitions have been validated and interpreted 
through the language and terminology used in sociology, management, psychology, 
economics, physics, engineering, chemistry, biology, systems engineering and systems 
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VI. PROPOSITIONS FOR THE TRACEABILITY GENERAL 
THEORY 
The general theory of systems integration can be used to delineate propositions that 
help guide the means of implementing lifecycle traceability. Ten propositions follow: 
A. PROPOSITION 1 – CHANGE CONSTRAINTS. 
Unorganized objects and processes become organized through incremental 
changes in constraints.  
1. Discussion of Proposition 1  
Tasks (objects) that are randomly allocated to various organizations are 
examples of unorganized objects. Constraints are conditions imposed when allocating 
resources (objects). Constraints represent the tradeoffs within the limitations that govern the 
allocations.   
2. Implications of Proposition 1 for Traceability  
Traceability is not hampered by the organization of objects or processes, 
regardless of the constraints imposed on an organization. 
B. PROPOSITION 2 – NO HARM IN CHANGING CONSTRAINTS. 
Variations in the procedures create diversity in process from which derive 
adaptably stable and metastable systemic effects within an agglomeration of objects.  
1. Discussion of Proposition 2  
 Stability and agility (stagility) within an organization provides flexibility to 
work within a set of rules to respond to a limited range of situations quickly. Metastability is 
a change from one set of procedures for “standard” operations to a different set of 
procedures that emphasize non-standard operations, then reversion to the standard 
operations.    
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2. Implications of Proposition 2 for Traceability  
Traceability must be configured and operationalized to respond to changes in 
procedures.  
C. PROPOSITION 3 – MINIMIZE EMMI. 
Systems are resilient due to an economy of scale derived from minimum 
EMMI use or sustained EMMI consumption for both natural and artifactual systems.  
1. Discussion of Proposition 3  
 Systems design to be efficient in their use of EMMI (i.e., low overhead 
expenses, low cost operations, and efficient use of labor and resources) puts the least burden 
on the need for additional use of EMMI to sustain normal operations of that system. When 
the system must do work beyond their normal capacity, scaling to greater output can be 
accomplished by well-designed processes that scale logarithmically with output.  
2. Implications of Proposition 3 for Traceability  
A measure of the efficiency of traceability can be objectified by comparing 
two organizations to discern the differences in encumbrances on traceability in terms time to 
complete, resources required to evaluate, and compliance rates given similar operational 
situations. 
D. PROPOSITION 4 – SHAPE SYSTEM BY DISTRIBUTION RESOURCES. 
Initial resource availabilities affect whether or not a system becomes 
hierarchical or heterarchical. The greater the inequality of initial resource distribution, the 
more likely the system will be hierarchical. 
1. Discussion of Proposition 4  
Hierarchical structure(s) within an organization provide for chain of 
command and order of command – geared for leadership. Heterarchical structure(s) within 
an organization provide for ease of communication and influence (Rouse and Boff 2004). 
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2. Implications of Proposition 4 for Traceability  
Traceability will necessarily need to be structured and implemented 
differently in hierarchical and heterarchical organizations.  
E. PROPOSITION 5 – PROVIDE SUFFICIENT EMMI. 
Systems may be destabilized from lack of EMMI. 
1. Discussion of Proposition 5  
EMMI flows between objects in a system to enable mechanisms that sustain 
its operations. Lack of EMMI means that resource-deprived objects fail to interact with 
other objects. The stagility of a system is maintained when proper EMMI is provided. The 
greater the loss of proper EMMI, the greater the potential of destabilization of the system. 
Destabilization does not imply destruction, but rather potential metastability to another 
operational paradigm in which return to the previously (stable) paradigm is possible.   
2. Implications of Proposition 5 for Traceability  
Traceability can be composed and implemented to determine the 
effectiveness or organizational processes. Thresholds of criticality can be discerned from the 
traceability data, to include management of: the amount of dollars, the number of tasks, 
schedules, compliance, and outcomes (i.e., metrics involving functional performance, 
quality, dollars expended to achieve various levels of performances, and successfully 
completed tasks per number of tasks, amount of dollars, and length of schedules for 
delivery).  
F. PROPOSITION 6 – AVOID DRASTIC OR LONG-TERM CHANGES IN EMMI. 
Systems may be destabilized from changes in EMMI. 
1. Discussion of Proposition 6  
EMMI flows between objects in a system to enable mechanisms that sustain 
its operations. Changes in the flow of proper EMMI means that objects may fail to interact 
with other objects in the manner that is necessary to sustain a narrow range in variance of 
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operations. The stagility of a system is maintained when proper EMMI is provided. The 
magnitude of change in proper EMMI may be amplified by subsequent interactions with 
objects or create stress in subsequent interactions. Destabilization does not imply 
destruction, but rather potential metastability to another operational paradigm in which 
return to the previously (stable) paradigm is possible. 
2. Implications of Proposition 6 for Traceability  
Traceability should be structured and implemented to determine changes in 
organizational behaviors when EMMI (e.g., dollars, tasks, number of people working) is 
increased or decreased.  
G. PROPOSITION 7 – CREATE STRONG INTEROPERABILITY. 
The more connected, coupled, and cohesive (strong interoperability) an 
object or process is to another object or process, the more stable the objects and processes 
are likely to be. 
1. Discussion of Proposition 7  
High connectivity implies near-constant or constant interaction between 
objects. High coupling implies communications with near-complete or complete agreement 
on syntax and semantics. High cohesion implies near-perfect or perfect agreement on 
action(s) and execution of action(s).   
2. Implications of Proposition 7 for Traceability  
Traceability should be configured and implemented to determine the degree 
of connectivity, coupling, and cohesion necessary to achieve the desired level of traceability. 
H. PROPOSITION 8 – CREATE STRONG DEPENDENCIES BETWEEN ORGANIZATIONS. 
The more dependent an object or process is on EMMI, the greater the 
coupling and cohesion. 
1. Discussion of Proposition 8  
Dependency creates need. Insatiable needs create requirements. 
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2. Implications of Proposition 8 for Traceability  
Traceability should be structured and implemented to discern the degree of 
coupling and cohesion between organizational entities.  
I. PROPOSITION 9 – BE THE ONLY SOURCE OF EMMI. 
All systems require a source of external EMMI to become a system and to be 
sustained as a system. 
1. Discussion of Proposition 9  
All systems require four traits. The system must be dynamically stable or 
metastable, externally adaptable, internally agile, and non- reciprocally configured. 
Dynamic stability is the combinatorial result of external adaptability and internal agility. 
External adaptability allows the system to conform to changes from outside the system. 
Internal agility results from moving EMMI between objects to accommodate situational 
differences in needs of the objects. Non-reciprocal emergence results from changes in the 
individual objects or aggregations of objects that cannot be undone. Non-reciprocally 
configured objects have their intrinsic properties changed permanently.  
2. Implications of Proposition 9 for Traceability  
Traceability is both to the organizational entities within the systems and 
outside the systems.  
J. PROPOSITION 10 – MANAGE DISTRIBUTION OF POWER. 
Power within a system is dependent on the type, quantity, and quality of 
EMMI, as well as access to EMMI. 
1. Discussion of Proposition 10  
There is are process-based schemas for controlling mechanisms, whether 
such control is by intent or orchestrated by limitations or constraints placed on the 
operations of mechanisms or by the amount of EMMI that transacts to stimulate the 
mechanisms. Mechanisms are within the system’s objects.  
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2. Implications of Proposition 10 for Traceability  
Traceability should be configured and implemented to compare the power 
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VII. MEASURES OF EFFECTIVENESS FOR TRACEABILITY 
A. INTRODUCTION 
Deeper insight into the concepts of effectiveness and performance rests firmly on an 
appropriate, repeatable approach based on the formal logic of Leśniewski (1916, 1984) in 
which a sum of a set X  is a thing such that everything which overlaps with it also overlaps 
with something in X, and everything that overlaps with something in X also overlaps with 
X. In other words, the totality of modern mathematics is formulated on singular, weak, and 
strong inclusions. Through the formal logic of objects and processes and the evaluative 
framework, a formal, structured development of MOEs and MOPs can be developed. 
Through the formalisms developed by Leśniewski a standardized set of MOEs can be 
produced taking into account the perspective of all stakeholders.  
 
B. MEASURES OF EFFECTIVENESS 
Measuring effects requires human interaction and human interpretation. Humans need 
to interact with tools and objects to be measured and interpret what they observe through 
theory, approach, method, and framework. Measurement requires at least one event, an 
agency relation within the domain of the object to measured, a representation of the 
information obtained from the measurement, and a combination of measures. These 
measures should embody the approaches of outcome-based, information-based, and 
scenario-based causal factors. Each type of determinant addresses a different aspect of 
effectiveness, all of which need to be considered from various stakeholder perspectives. 
Building a framework to develop the aspects of the measures of effectiveness is 
characterized by consistency of logic, continuity of method, applicability across disciplines, 
scalability from the inter-domain’s micro to macro, and capaciousness.  
 
1. Outcome-based Measures 
Outcome-based measures are oriented toward results, i.e., the lifecycle traceability of 
funds exposes the most effective means of achieving intended results. The end justifies the 
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means. These results are shown by competencies and proficiencies as demonstrated by 
functional performances of how tasks are accomplished.  
2. Knowledge-based Measures 
Knowledge-based measures are based on existing level of knowledge (rules of 
thumb and rules of dumb, i.e., best practices) that are then extended through scaffolding to 
new regimes with what has been found to expose problems with use of funds. Knowledge-
based measures are based on what is known about the objects and processes involved with 
lifecycle funding and what can be surmised by addressing problems with possible solutions.  
3. Scenario-based Measures 
Scenario-based measures capture the social customs and habits that result in repeated 
behaviors. It is the context, environment, and trends that enable scenario-based measures for 
determining effectiveness in traceability of lifecycle funding.  
C. BACKGROUND 
Measures of effectiveness are the single-most often touted and applied method of 
thinking about how well one is doing. However, inability to predict the consequences of our 
achievements confounds the utility of measures of effectiveness. This difficulty in 
predicting consequences means the measure of “good enough” is challenged by what to 
measure, what the measurement means, and how much is sufficient. The enduring theme for 
adequate and sufficient assessment has not yet been satisfied – the single most important 
factor of “what to measure” having not yet been addressed adequately from a foundation of 
validated theory, approach, and integrative framework. It is the nature of validation through 
principles and empirical data that provides the basis for the practice of developing and using 
measures of effectiveness.  
D. MEASURES AND VARIABLES OF EFFECTIVENESS 
The dimensionality of measures of effectiveness was extracted from the formal 
theory of the objects/process framework. The categories of these measures can be generally 
expressed as types, what’s, how’s, and when’s. The variables are dollars, days, and 
deliverables:  
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Type………………Measure……related to……………example   
1. Inputs 
• Energy(Chemical)..Consumption by task………………food 
• Energy(Nuclear)….Consumption by task 
• Energy(Electrical)..Consumption by task 
• Energy(Thermal)…Consumption by task 
• Energy(Acoustic)...Consumption by task 
• Energy(Other)……Consumption by task 
• Matter(raw mat’l)...Consumption by task 
• Material Wealth…..Dollars allocated to task   
• Material Wealth…..Dollars allocated to non-task 
• Information………Bytes required by task 
• Temporal…………Hours delayed from start date 
• Temporal…………Hours overrun from initial due date 
 
Type………………Measure……related to……………example   
2. Outputs 
• Energy(Chemical)..Production by task………………food 
• Energy(Nuclear)….Production by task 
• Energy(Electrical)..Production by task 
• Energy(Thermal)…Production by task 
• Energy(Acoustic)...Output by task 
• Energy(Other)…… Output by task 
• Matter(raw mat’l)... Output by task 
• Material Wealth…..Dollars expended by task  
• Material Wealth…..Dollars expended by non- task  
• Information……….Bytes expended by task 
• Functional………. .Performances by task 
• Functional………. .Performances by non-task 
• Functional………..Quality by task 
• Functional………..Quality by non-task 
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E. DISCUSSION OF MEASURES OF EFFECTIVENESS 
The formal mathematical model revealed that two items are missing from the current 
practice of building measures of effectiveness. First, the boundaries for each of these 
dimensions are neither defined nor adequately considered. Second, the integrative 
framework which identifies the domains for assessment is completely lacking in the 
discourse and practice of identifying measures of effectiveness. In other words, “the what” 
to measure for effectiveness should be interpreted within a particular context, regardless of 
type. Without boundaries, it is uncertain what a dimensionality means in terms of 
effectiveness, let alone how it could be compared and how meaningful such a comparison 
might be. And, “the how” and “the when” are seemingly attached to milestones in the 
acquisition parlance rather than to the merits of any theoretical foundation. Within the 
structure of the integrative framework (Figure 3), each nexus of rows and columns indicates 
the procedures for determining “the how”, “the when”, and the “how much”. 
The products and services that result from tasks have functional performances (that 
are measureable) and qualities that are quantifiable. For each function there can be multiple 
performance measures; and for each performance there can be multiple measures of 
qualities. 
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The arrows (Figure 3) illustrate the sequencing of the interactions between the 
objects (objective frame) and the processes (subjective frame). This interplay begins with 
cognitive structures that involve thinking about objects, functions, or behaviors, e.g., 
planning; progressing from a subjective item to one of the objective items, then moving on 
to the next subjective item, in a clockwise fashion.  
The perspective of management begins with the subjective frame with focus on the 
social and management issues (cognition, procedures, and models). From a technology 
perspective, the discussion often focuses on the objective frame (objects, functions, and 
behaviors). There are nine cardinal points within the framework, each resulting from the 
nexus of an item in one frame intersecting with an item in the other frame. These nine cross-
frame intersections of the integrative framework stipulating there are the nine domains of 
the measures of effectiveness. 
F. EXAMPLE METHODOLOGY (FUNDING PHYSICAL SECURITY) 
A general NineStep methodology was developed to unify the concepts of measurement 
and effectiveness into a repeatable, validated process to identify measures of effectiveness 
associated with lifecycle funding. These nine steps are summarized as: 
1. Define Terminology: Posit a working definition of terms to prepare to bound and 
scope the work within the problem domain. All tasks and non-tasks shall be 
traceable to the problem statement or mission statement for which the project work 
is focused. If a task is not traceable to the problem statement, then the task should 
neither be funded nor worked. 
2. Delineate Boundaries and Functions: Perform a functional analysis on the key 
functions of the defined terminology that are measureable. The functions that are 
related to the products shall be described. Since all functions are quantifiable, the 
measures and metrics that indicate various product performances shall be delineated. 
For example, the key tasks that might be funded and tasked for physical security 
may have the following functions: 
a. to enforce the prevailing law; 
b. to provide for situational order and stability;  
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c. to lessen the attractiveness of physical targets, e.g., by eliminating incentives 
to attack;  
d. to police; 
o to protect property,  
o to investigate, 
o to collect evidence and carry out forensics, 
o to limit the civil disorder,  
o to thwart crimes against persons;  
These functions are designed to raise the opportunity cost rather than the material 
costs to shift disruptions to another time or place. 
3. Perform Lifecycle Analysis: Describe the lifecycle for each of the key functions. For 
example, the Physical Security Management Lifecycle is made up of eight stages.  
a. The first stage is enactment of a Culturally Responsive System of Policies, 
practices, and procedures. Policy is characterized by activities to create, 
evaluate, communicate, and assist in the development and deployment of 
policies to reduce disruptions of social well-being, legitimate means of 
commerce, and civility. Balancing prudent policies to reduce disruptions 
limited by temporal, economic, and resource issues with effective command 
and control of deterrent security forces is part of this first stage.  
b. Requirements-Based Planning, the second stage, is characterized by actions 
and activities intended to stop or prevent disruptions before they are 
attempted; that is, to turn aside or discourage even the attempt at disruption 
through situation-sensitive means.  
c. The third stage is Force Deployment for prevention, which involves actions 
and activities to prevent disruptions of the desired state of affairs from 
occurring.  
d. Disruption Detection is the fourth stage. The actions and activities are 
directed to detect anomalous patterns of behavior include statistical analysis 
of behaviors, surveillance efforts to identify and locate disruptors prior to, 
during, and subsequent to the completion of the disruptive activity. The 
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intent of detection is to uncover or reveal the presence of disruptors or a 
disruptive event.  
e. The goal of Mitigation, stage five, is to stop losses from occurring or 
continuing to occur and to hinder disruptors from continuing or completing 
the disruption.  
f. In the sixth stage (Analysis) losses that occurred despite policies, planning, 
deployment, detection, and mitigation are identified and studied to determine 
the causal factors that determine losses, using the general loss function 
(Langford 2012), outline in the Appendix.  
g. The seventh stage of the Physical Security Management Lifecycle 
(Investigation) involves obtaining enough evidence and information to stop 
disruptive activity, recover assets or obtain restitution, and to provide 
evidence and support for the successful prosecution and conviction of the 
disruptor(s).  
h. The eighth and final stage, Physical Security Management Lifecycle, is the 
culmination of all the successes and failures in the Physical Security 
Management Lifecycle. There are failures because disruptors carried out 
disruptions and successes because disruptors were detected, identified, 
detained, captured, or killed.  
4. Define Requirements: Specify the requirements that satisfy stakeholder needs. 
5. Postulate Solution Set: Conceptualize and characterize a set of solutions that satisfy 
the problem domain issues.  
6. Determine Theoretical Foundations and Principles: Apply one or more theories of 
social behavior that apply to the situation for deterrence, i.e., rational behavior under 
uncertainty to serve as the foundation for measurements and interpretations: 
a. Prospect Theory  
b. Expected Utility Theory 
c. Rational Choice Theory on the behalf of a would-be disruptor 
d. Political Culture Theory based on the institutional perspective 
e. Regret Theory based on the disruptor’s perception of actions 
f. Social Exchange Theory 
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7. Formalize Framework: Map the processes to physical objects through the Integrative 
Framework (Integration Theory). 
8. Calculate Losses: Use the general loss function to measure conflict resolution 
through deterrence. 
9. Analyze and Evaluate Effectiveness: Compare effectiveness of the physical 
deterrence approach with that of retributivism, policing, containment, and aggressive 
counterattacks.  
The NineStep methodology to characterize measures of effectiveness is shown in Figure 
4. 
Modeling the physical security lifecycle results in a structure in which to measure 
the effectiveness of deterrence. Since the goal of deterrence is to achieve lesser impact and 
disruption of computer operations, the time to detect a disruptor, the number of successful 
attempts of detecting a disruptor and the conditional probability of accurately detecting a 
disruptor can edify the parameters that determine the effectiveness of deterrence. Suppose 
for example that the distribution of time to detect a disruptor and the number of events to 
detect a disruptor were formulated as a function of the rate of detection and the conditional 
probability of accurately detecting a disruptor. It can be shown that when the rate of 
detection has no deterrent effect on disruptions – the average time to detection decreasing 
with an increasing rate of detection. When the rate of detection has a deterrent effect, the 
average time to detect a disruptor can be minimized. And, the average number of detection 
events increase with the increasing rate of detection. 
Some intentions may not be influenced decisively by an adversary’s decision 
calculus. The core argument in rebuttal to deterrence is that sometimes, the enemy is 
undeterrable, e.g., an enemy who is intellectually or emotionally “suicidal”. Comparing the 
effectiveness of physical security to other means (Step 9 of the NineStep methodology) 
allows decision makers to weigh strategies and approaches to dealing with complex 
security, societal, and network issues. The long-term success of deterrence has always been 
cast into doubt without a permanent political solution. Containment and deterrence may not 
be an adequate long-term solution. Deterrence is based on threats, vulnerabilities, 
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susceptibilities, and losses. There is a non-recursive relationship between threats and 
deterrence. 
All nine items at the nexus of the process and object frame in the integrative 
framework must be covered to fulfill the traceability of lifecycle funding. Measures of 
effectiveness cover both management and technical aspects. Table 2 illustrates each of these 
nine cardinal points with a brief description of the domain for a measure of effectiveness. 
 
Figure 4. NineStep Methodology to Characterize Measures of Effectiveness 
Define Terminology 
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Table 2. Integrative Framework Illustrates Domains for Measures of Effectiveness 
 
 
The integrative framework embodies six actions: 
1. A set of basic set of assumptions that show relevance and utility in multiple 
disciplines, but are not unique to any particular;  
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generally in use in systems integration, but not necessarily the nuances that may 
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3. A wholeness of character through a common structure and set of processes, i.e., 
integration as is commonly thought to be building a whole from its parts;  
4. The essence, nature, and purpose of interaction leading to systems integration; 
5. A structure that is restrained from being developed into or providing specific 
strategies for practice, but instead encourages the development of heuristics based on 
principles derived from theory (rather than from best industry practice); and 
6. A warning that best practices should be inspired by principles and brought under 
configuration management and vetted by their environment, their context, their 
broad applicability, their congruency, and their outcome(s) and knowledge gained 
within a particular situation. 
The paradigm for measures of effectiveness consists of an observed event 
(dependent variable based on an observable action); the causal conditions (the artifact’s 
mechanisms and its properties and traits; i.e., the artifact’s processes); the context (including 
the boundaries and boundary conditions of the objects); and the parameters of measurement, 
including the system attributes of data associated with functions, subfunctions, sub-
subfunctions, and elemental subfunctions. Such a framework offers a window into multiple 
disciplines, domains, and fields. Measures of effectiveness are distinguishable at the 
transitions between the objects of technology that result from the work and the processes by 
which these technology objects were produced. The framework for objective causalities is 
shown in Figure 5. 
Researchers interpret observations, postulate principles, and derive laws starting 
from theory. Measures of effectiveness quantify those observations and then interpret the 
measures and measurements from the perspective and biases of the researcher or analyst. 
For instance, a goal may be unachievable from the perspective of the researcher, but that 
difficulty has not yet been appreciated by the goal setter or the decision maker. Their 
perspectives are different. Their biases may also be quite different. To be objective, the 
measure of effectiveness must be definitive in both its degree of relation to a full accounting 
of the work accomplished and the efficacy for presenting a sufficiency of information to 
facilitate decision-making. The integrative framework is essential for measures of 
effectiveness to be germane across organizations, context, and cultures.  
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Further, principles, as fundamental statements, are comprehensive in their 
applicability and generality through their agreement with observation. Empiricists rely on 
observable regularities from which to build a formal model. This model characterizes the 
causal links that result in the observed regularities (Klepper 1996). This structure and 
narrative that embodies and conditions the model is termed a theory frames or is referred to 
a framework. A framework aids in formulating hypotheses and identifying the ‘...kinds of 
causal conditions and process patterns that seem relevant for a given range of issues, [and] 
they offer concepts that correspond to these identifications, and they give reasons for the 
choices made’ Rueschemeyer 2009). 
 
 
Figure 5. Integrative Framework for Objective Causalities 
 
However, the task should not center on measures of outcomes that are too focused or 
diffused. Instead, effectiveness can only be determined by what is appropriate and suitable 
to moving the product or service into a demonstrable and then sustainable form. In other 
words, effectiveness for fitness of purpose is desired, not an outcome predicated on 
knowledge, or gain of information, or even a specific situation. Measures of effectiveness 
are about the matter of fitness (Figure 6), which is not only about the standard physical 
measures or metrics.  
 




Figure 6. Measure of Effectiveness Linked to Fitness for Purpose 
 
The value of a performance measure is nothing more than measuring the function of 
a product or service that embodies that performance. Every function is characterized by its 
performance(s). Each function has at least one performance measurable, and most often 
many performances that are measured. For example, the function of ‘to write’ (as 
distinguished from the process of “to write”) has various performances. How fast does one 
write? How many letters? What are the sizes of the letters? How often are the letters 
written? Each question is suggestive of at least one performance that relates the function of 
‘to write’ to an empirical result through a performance measure. Person A is paid $60 per 
hour and writes 12 words per minute. The value of the performance of Person A with 
regards to words/$ is 12 words/$. Person B is paid $45 per hour and writes 10 words per 
minute. The value of the performance of Person B with regards to words/$ is 13.33 words/$. 
If both Person A and Person B have the same defect rate, then the value of Person B with 
regards to words/$ is higher than that of Person A. Value V per enactment of a function is 
defined as the ratio of performance P to investment I. This representation is the fundamental 
premise of Value Engineering (Miles 1961; Miles 1972). Value compares what is received 
in performance of a function with what is (was) invested to achieve that performance. If two 
products with factually comparable functions and performance are offered for different 
prices and they are normalized in terms of the geneses of both performance and investment, 
a higher value is associated with the lower-priced product. Whereas the value of a function 
may vary with time, additional investments made during the system lifecycle to maintain 
performance is an acceptable way to determine the lifecycle costs for a given function. The 
aggregation of all performances that are ascribed to a function must be included in the 
determination of value for that function, or the recognition that there may be one 
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significantly more important in some aspect over that of the other performances. The system 
value, V(t), is given by  
   
where is a function or non-linear summation of subfunctions that are enacted by the 
product or service, is the performance measure (units of EMMI appropriate to the use 
of the function(s) ),  is the investment4 (e.g., dollars or other equivalent 
convenience of assets that are required to achieve performance P(t), the time, t, measured 
relative to the onset of initial investment in the project (or a period, or portion of a lifecycle, 
or over the lifecycle), and is the normalization factor (dimensionless). The summation is 
simplified and generally aggregated over all subfunctions, sub-performances, and sub-
investments. 
The change in performance of a system object due to an interaction of EMMI from 
another object is equal to the work done. Performance can also be described with reference 
to the cost/(unit time), as well as to the total time over which the performance occurs. 
Incorporating and factoring the variable of time expresses the value equation in terms of the 
measure of performance per rate of investment.  
   
By including time explicitly, the value of a function can be measured in terms of 
performance per investment rate (e.g., labor rate) times the normalization factor divided 
by t. 
Adapting Figure 1 to capture the 9 cardinal points (Table 2), the nexus of procedures 
and behaviors (for example) implies an alignment of procedures with behaviors. In other 
words, the measure of effectiveness – alignment (MOE-a) is quantified in terms of the 
degree to which developers follow their project plan. The determination of effectiveness 
depends on verification of that degree. The process of verification can be decomposed into 
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three types: (1) likeness-of-kind (or uniformity of) objects or processes (by various 
relationships); (2) consistency of processes, e.g., repeated measurement under various 
pertinent conditions; and (3) compliance with some aspect of another object or process (i.e., 
a standard of measure that is typical of systems engineering or engineering test). 
Verification of the first kind exposes patterns of behaviors, verification of the second kind 
determines consistency of behaviors, and verification of the third kind maps observations 
with an external benchmark or “standard”. Then in the most general sense, verification can 
be used to identify emergence, patterns, and trends. To determine the measures of 
effectiveness, the relative nature of the process “to measure”, “to measure how much”, and 
“to measure when” may dominate the perspective from which the observations and 
interpretations are made. MOE-a is expressable as answers to the following questions: 
1. Do actions align (match) with what on thinks is being done (according to plan) 
2. Are the money and resources spent on what needs to be done in comparison to that 
spent on other things 
3. Are money and resources spent according to plan 
4. Are time and effort spent on what needs to be done 
5. Are time and effort spent according to plan 
The relationship between measures of effectiveness and the time scale is validated 
mathematically as the blending of the two frames (in this case the procedures laid down 
according to the plan for development with the behaviors of the developers). The causal 
relationship for MOE-a is the lifecycle stage-to-stage change in frequency of contributon of 
function or a behavior to future lifecycle consequences on a technology (or a product or 
service).  
 
Following the work of R.A. Fisher 1918, suppose the difference caused in future 
lifecycle stages is represented by the difference of the quantities a, d, -a and that these stages 
exist in any set of outcomes with relative ferquency P, 2Q, R, where P +2Q+R = 1. Then a 
population in which this factor is the only cause of variability has its mean at 
M = Pa +2Qd-Ra, 
So that 
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P(a-m)+2Q(d-m)-R(a+m) = 0. 
The lifecycle stage-to-stage change in frequency is determined to be a measure of fitness 
characterizing the roles of disruption in technology developments. 
From Figure 6, the nexus of procedures and behaviors also implies progress aimed at 
the alignments (MOE-a). The measure of effectiveness – progress (MOE-p) is quantified in 
terms of the degree to which developers meet the project schedule. Progress is determinable 
and quantifiedn as determined along the paths of alignment (MOE-a). Compare good 
progress in the planned direction against some progress in an unplanned direction. Changes 
in the paths by modifying requirements or specifications, pursing “good” ideas and good 
intentions, adding and carrying out additional work tasks that were not on the approve plan, 
chasing a phantom ambition, or squandering time on meaningless activities is captured by 
MOE-p. The 9 cardinal points for measures of effectiveness are shown in Table 3: 






























 (MOE-a) Conceptualizing stakeholder behaviors when the product/service is used; 
 (MOE-b) Describing the processes and mechanisms that define the boundary conditions for 
anticipated operations of all functions; 
 (MOE-c) Conceptualizing the expectations for interactions;  
 (MOE-e) Conceptualizing the experience with posited objects; 
 (MOE-f) Describing the influence on user behaviors due to lack of product/service;  
 (MOE-g) Prognosticating about consequences of interactions between objects through 
exchange of EMMI;  
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 (MOE-i) Describing the influence of procedures on processes and mechanisms that describe 
user behaviors due to product/service;  
 (MOE-j) Modeling/representing all social, political, economic elements; determine 
resource utilizations for functions; 
 (MOE-n) Modeling/representing all functional performances;  
 (MOE-o) Modeling/representing all physical elements, (structures, properties, traits, and 
attributes; 
 (MOE-p) Conceptualizing stakeholder behaviors when the product/service is not used (or 
available);  
 (MOE-q) Modeling/representing all functional performance’s quality;  
 (MOE-r) Conceptualizing the anticipated responses of posited objects; 
 (MOE-s) Describing the availability and validity of processes and mechanisms resulting in 
the selection and development of all physical elements;  
 (MOE-t) Comparing the expectations of models or representations of stakeholder 
behaviors to actions;  
 (MOE-u) Describing the availability and validity of processes and mechanisms that  
 (MOE-v) Modeling/representing behaviors caused by predicted actions;  
 (MOE-x) Describing the availability and validity of processes and mechanisms resulting in 
the development of all physical elements and operational contexts; 
 
 
An example of an Overall Measure of Effectiveness Metric = 
{(MOE-a)* (MOE-p)}* {(MOE-g)* (MOE-c)}* {(MOE-e)* (MOE-r)}* {(MOE-i)* (MOE-





{(MOE-a) * (MOE-p)} = safety, security 
{(MOE-g) * (MOE-c)} = usability along with consequences of technology 
{(MOE-e) * (MOE-r)} = experiences with technology 
{(MOE-i) * (MOE-f)} = influences of procedures due to or lack or functions or objects 
{(MOE-u) * (MOE-b)} = availability and validity of processes that determine resource 
utilization 
{(MOE-s) * (MOE-x)} = availability and validity of processes that determine development 
{(MOE-t) * (MOE-v)} = test and verification of objects developed 
{(MOE-n) * (MOE-q)} = conditions to achieve functional performances and quality 
{(MOE-o) * (MOE-j)} = implications of environment and context for technology use 
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VIII. MODELS OF EFFECTIVE TRACEABILITY, TRANSPARENCY, 
AND COMPLIANCE 
Two models of organizational entities were developed to illustrate the flow of 
tasking and money; reporting on tasking and money; and results of tasking and money. 
Figure 7 models the perfect situation where there is complete transparency, effective 




Figure 7. Complete Transparency, Effective Traceability, and Full Compliance 
 
Tasking, dates of performance, and funding (TDF / green) and are sent from 
organization to organization to accomplish the work. Reporting on TDF / blue is sent to the 
appropriate organizations (typically the organization that sent the TDF / green. Distribution 
of the results of the TDF / green is coordinated with other organizations with a Report / red 
that requires awareness, perspective, support, stimulus, or corroboration. 
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• For every TDF / green there is at least one Report / red. For every Report / red 
there is an access list that may include other organizations.  
• The access list is controlled by the organization that generated the TDF. 
 
The model for incomplete compliance is shown in Figure 8. Figure 8 depicts what is 
thought to be the actual movement of tasks and money and sharing of the results of the work 
performed.  
 
Figure 8. Incomplete Compliance, Ineffective Traceability, and Improper Sharing of 
Results 
 
The essential task for effective traceability is to reconcile the differences between the 
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IX. IMPACTS WITH AND WITHOUT TRACEABILITY 
A. CIRCUMVENTING THE INTENT OF TRACEABILITY 
In an effort to continue using funds for uses other than for which they were explicitly 
intended, vertically integrated organizations may tolerate various behaviors within to 
advantage themselves with greater flexibility in carrying out their charged responsibilities as 
long as there is no explicit violation of the law. Justification of such behavior could be 
premised on compelling circumstances in the best interest of the nation and various 
mechanisms that are familiar and known to alleviate compliance with transparency 
requirements and in the process thwart traceability. In this regard, organizational size 
promotes forgiveness as the means to disregard rules of compliance. Success in carrying out 
the acquisition and procurement functions may be a determining factor for forgiveness. If 
success trumps ethics, then the task is to be successful; but if ethics trumps success, then 
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This research examined new methods to improve traceability and transparency 
throughout the funding lifecycle for projects, contracts, and tasks. The tenets of lifecycle 
systems engineering integration were enacted to determine the allowable interactions with 
regards to effectiveness of traceability and transparency. The method used was developed 
under a framework that was structured on formal logic, after the work of Leśniewski (1984). 
The work of developing the artifacts related to funding, tasking deliverables, and period of 
performance was premised on determining the measures of effectiveness (MOEs) of tracing 
the use of funds. A preliminary model for complete compliance in capturing the lifecycle 
issues was developed. Then in contrast, a non-perfect traceability model was developed to 
provide a best case/less than best case comparison so that one could estimate the impacts of 
the lifecycle model on the traceability and transparency of use of budgets. 
Developing a standardized, quantifiable set of measures of effectiveness (MOEs) 
that reflect the various stakeholder perspectives was accomplished by showing an example 
of physical security (deterrence). This example was then generalized to show the types of 
measures of effectiveness that could be used with the structure and implementation posed by 
the models. The goal was is to manage and improve the fidelity of the lifecycle model and 
its analyses for development, delivery, sustainment, and operations.  
The effectiveness of traceability and transparency depends on the (1) identification 
of the significant measures of causality that drive the uses of appropriated funds, (2) 
interpretation of the measurements of traceability and transparency, and (3) perspective 
from which the measures and measurements are observed. These three factors reveal the 
functions and processes of traceability and transparency that determine the degree of 
influence of syphonage, misuse of funds, malfeasance, and misfeasance. From a functional 
and process perspective of the social and psychological issues (i.e., mechanisms) pertaining 
to these three factors, a warning (perceived or real) of a problem with traceability or 
transparency will be invariably linked through these social and psychological mechanisms. 
That warning may be general in nature, resulting in a need for a sustained level of vigilance 
or be quite specific, resulting in heightened awareness or the enactment of additional 
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measures to track and evaluate. It is through the analysis of functions and processes that the 






























THIS PAGE INTENTIONALLY LEFT BLANK 
 
Page 88 of 125 
 
 88 
XI. RECOMMENDATIONS FOR FURTHER STUDY 
There are five steps to implement traceability for lifecycle funding. The first step is 
to build the foundation for sound lifecycle traceability in a theory that is validated with a 
formal model. The second step is to architect a preliminary model that encapsulates the 
degree of transparency, traceability, and compliance that is deemed necessary and sufficient 
to satisfy the purposes and intent to monitor and predict effectiveness. The third step is to 
establish procedures to implement a funding lifecycle effort built on a manual process to 
identify problems and encumbrances. The fourth step is to release a computerized 
traceability system. The fifth step is to mold individual and organizational behaviors into an 
operational model that is efficient in carrying out tasks and effective in delivering on-time, 
on-budget, on-time, on performance products and services.  
The objective for this research work was to satisfy the requirements for the first step 
outlined above. However, during the development of the methodology for a standardized set 
of measures of effectiveness, it was noted that the traditional DOD concept of determining 
risk could be extended into the same integrative framework. Therefore, there is also a 
standard, quantifiable means of determining risk that builds on the structures of 
Leśniewski’s formal model and is a natural consequence of organizing risk through 
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Appendix – General Loss Function
Page 91 of 125 
 
 91 
General Loss Function  
(From Langford 2012, Appendix 2) 
Equation 4. General Form                    
: Baseline cost with a constant value 
: If the type of quality characteristic is smaller-the-better, this means a 
proportionality constant of stakeholder’s loss per response of quality. 
Additionally, if the type of quality characteristic is larger-the-better, it means   a 
proportionality constant of developer’s or manufacturer’s loss per response of 
quality.   
: If the type of quality characteristic is larger-the-better, this means a 
proportionality constant of developer’s or manufacturer’s loss per response of 
quality. Additionally, if the type of quality characteristic is smaller-the-better, it 
means proportionality constant of stakeholder’s loss per response of quality. 
: Shape parameter for representing an acquisition phase of a weapon system ( ) 
: Response of quality 
 : Total quality loss per piece in case of shape parameter  and quality response 
  
 : Expected quality loss per piece in case of shape parameter  and quality 
response  
After applying the assumption A2 into the Equation 4, we can get Equation 5 and 6 as 
follows. If the response of quality equals to the target value (i.e., ), the total quality loss is 
to be zero (Equation 5) and the result of differentiation for the response of quality having the 
target value (i.e., ) is also to be zero as the Equation 6.  
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Equation 5.      
Equation 6.        
If we incorporate the specific value of  into the Equation 5 and 6, we obtain the 
general loss function as the follows. If the value of  equals to 1, we obtain the following 
results. 
Equation 7.       
Equation 8.       
After solving the above Equation 7 and 8, we obtain the following results.  
, . 
If n equals to 2, we obtain the following results. 
Equation 9.       
Equation 10.        
After solving the Equation 9 and 10, we obtain the following results.  
, . 






( ) 0n nn b s lL m C C m C m
-= + + =
1 1( ) 0n nn s lL m nC x nC x




1 ( ) 0b s lL m C C m C m
-= + + =
0 2
1 ( ) 0s lL m C m C m
-¢ = - =
2mCC sl = mCC sb 2-=
2 2
2 ( ) 0b s lL m C C m C m
-= + + =
3
2 ( ) 2 2 0s lL m C m C m
-¢ = - =
4mCC sl =
22 mCC sb -=
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Table 4. Appendix Results of Iterative Process for Generating a Generalized Loss 
Function 
 
    
1    
2    
3    
4    
    
As shown in the last row of the Table 7.13, we present the general quality loss function, 
detailed as follows, Equation 11. 
Equation 11.     Assuming 
the probability density function of X is normal with mean  and variance , the 
probability density function of X will be of the following form, Equation 12.  
Equation 12.     ,    
The expected loss per item is calculated according to Equation 13.  
Equation 13.     ,    
where  is the probability density function of the normal random variable. 
By substituting the general quality loss function and probability density function into 
Equation 13, Equation can be rewritten as the following, Equation 14.  
n lC bC )(xLn
2mCC sl =
12 mCC sb -=
1 1 2 1 1
1 ( ) 2 s s sL x C m C x C m x
´ -= - + +
4mCC sl =
22 mCC sb -=
2 2 2 2 2
2 ( ) 2 s s sL x C m C x C m x
´ -= - + +
6mCC sl =
32 mCC sb -=
3 3 2 3 3
3 ( ) 2 s s sL x C m C x C m x
´ -= - + +
8mCC sl =
42 mCC sb -=
4 4 2 4 4
4 ( ) 2 s s sL x C m C x C m x
´ -= - + +
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Equation 14.     ,     where  
Equation 15.     
Equation 16.      
Equation 17.         
Because it is difficult to integrate the above Equations 16 and 17 in a closed form 
solution, we adopt Taylor series expansion as the following. Taylor series for and  at 
target value of (i.e., ) is the following. 
 
 
 : Error after n terms 
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Equation 18.    ,       
Equation 19.        




Therefore, the expected quality loss in case of the normal distribution of quality 
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Equation 20.   
     
Where,   
 
 
In order to show the trend of the expected quality loss according to the position of 
the target value, we consider three cases of the mean of quality output, by using a numerical 
example.  
Case 1: the target value of the quality characteristic is greater than the mean of quality. Case 
2: the target value of the quality characteristic is equal to the mean of quality. Case 3: the 
target value is less than the mean of quality. 
Case 1: the target value of the quality characteristic is greater than the mean of quality. Case 
1 applies to one of the software builds5 prior to the onset of system test. For the 
example of software integration, Ri has the benefit of an estimate at accounting 
point one plus the experience gained during development. The amount of rework 
                                               
5 A build is a release from obligation and requirement to continue working on a software module. The release 
signifies that a particular piece of software has been included as part of other pieces of software, with the 
referent of being integrated with the main grouping(s) of other “integrated” software. Successful integration 
with components of the main grouping(s) is a primary factor in promoting the software module for inclusion 
the main grouping of software code. The main grouping(s) are referred to as builds. Each software build 
demonstrates some degree of product or service functionality. Each software build consists of assessing the 
software requirements; evaluating the software functional architecture; further elaborating on candidate 
changes in design; and testing to verify satisfaction of requirements and to validate the expected performance 
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observed during development may also be an indicator that could influence the 
estimate at accounting point two.  
Case 2: the target value of the quality characteristic is equal to the mean of quality. Case 2 
applies to the work beginning at acceptance test. For the example of software 
integration, Ri has the benefit of an estimate at accounting points one and two, plus 
the experience gained during development and system test. The software code may 
be stable at this time and require noticeably less rework than covered by the 
previous accounting points. 
Case 3: the target value is less than the mean of quality. Case 3 applies to the early 
accounting point. For the example of software integration, Ri may be only the 
estimated amount of SLOC with only the reused code counted as completed.    
Before suggesting the results of the application, we should assume the inputs for 
demonstrating the trend of the expected quality loss as indicated in Table 7.14. 
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Table 5. Appendix Data for Application with Normal Distribution 
 
Given data for the general quality loss function  
• Baseline cost( ), i.e., minimum loss :  
• Cost incurred in case of smaller-the-better( ) : 0.3 
• Cost incurred in case of larger-the-better( ) :  
Given data for the normal distribution  
• Mean of quality( ) : 10 
• Variance of quality( ) 0.25 
• nth moment of the probability distribution is given by the 
Riemann-Stieltjes integral 
1st :10 
2nd : 100.25 
3rd : 1,007.5 
4th : 10,150.1875 
Three cases  
• Case 1 :  : 11 
• Case 2 :  : 10 
• Case 3 :  :   9 
First, consider case 1 and observe the trend of expected quality loss as the value of n 
varies, through a numerical example. After substituting the data from Table 5 into Equation 
20, we obtain the expected quality loss, as shown in Equation 21.  
Equation 21.          
For case 2 and case 3, after applying the same method used in Equation 21, we obtain the 
expected values respectively. In order to compare the expected quality loss among three 


























Figure 9. Appendix Expected Generalized Loss Function with Normal Distribution 
 
The expected quality loss function for case 1 is shown by the blue line, case 2 by the 
red line, and case 3 by the green line. By plotting the expected quality loss functions having 
the different values n, we show that the amount of the expected quality loss depends on the 
value of n, regardless of the position of the target value. In order words, if the value of n is 
increasing, then the slope of the function is increasing.   
The amount of the expected quality loss change is proportional to the value of n. The 
related values are shown in Table 6. 
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1 0.84468 0.06375 0.841435 
2 5.72216 0.58125 5.29792 
3 53.9438 7.59375 37.7437 
4 847.425 122.025 439.425 
5 14126.7 1879.22 5831.72 
 
Applying the general loss function (Equation 11) as a metric to determine accounting 
points establishes a way to apply the ecological inference model with higher fidelity insight 
into individual subsystems. Accumulating data from a number of software engineering 
integration projects may eventually profile and categorize various types of systems 
engineering integration efforts, by which planning can be improved. 
At the agglomerated level, integration has occurred and the emergence should be 
visible as systemic effects. If the consequences of the agglomeration are represented in the 
source lines of code, then integration has occurred. The non-reciprocal emergence that was 
inherent in the design or could be expressed in the eventual use of the software code has 
also occurred. The threshold for integration to achieve systemic effects has been 
accomplished. The non-reciprocal emergence was a direct consequence of the interaction 
between SLOC that constrained the subsystem and perhaps the total system.  
The system is referred to as rework and the consequences wherefrom that extends 
throughout the project. If there are no non reciprocal emergent traits, then each subfunction 
shall have exactly the correct amount of code that executes as intended. The lines of code 
cause no changes in the testing or in the systems integration work. Such is the perfect 
project in terms of being able to plan and carrying out the intended plan. 
 
 
n µ>m µ=m µ<m
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